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ABSTRACT 
Introduction and background: 
Different species of Echinococais are adapted to their hosts with a well defined host-
parasite relationship. The adult parasite infects dogs and other canines, whereas herbivorous and 
omnivorous animals serve as intermediate host Human beings may also accidentally harbour the 
infection due to close contact with dogs. In man and other intermediate hosts the larvae cause 
"Hydatid cyst" or "Hydatidosis". Different strains of this parasite have been reported from dif-
ferent hosts as well as from various geographical regions. Despite the enormous zoonotic sig-
nificance of this disease in India, no comprehensive study is available which could provide the 
basic data for designing any effective control programme. 
As Smyth has pointed out that much of the work on the immunology of hydatidosis has 
been devoted only to development of suitable method for serodiagnosis and as a result, basic 
research in this field has been some what neglected. The study of immune phenomenon and 
the mechanism involved is hampered by the complex life cycle of this parasite, by the difficulties 
involved in vitro cultivations, and by the fragmentary knowledge of their basic biochemical 
processess. Precise information concerning antigenicity of the parasite material is still not avail-
able and much work remains to be done on the chemical characterization of potential antigenic 
components. Further, many of the factors which confer antigenicity to a molecule or to a part 
of a molecule are still unknown, the most commonly used antigen is the hydatid cyst fluid, 
containing several electrophoretically separable protein fi-actions for routine serological tests. 
Somatic antigens extracted from the membranes and protoscoleces have also been investigated 
to some extent but metabolic and stage specific antigens have received little attention. 
It is now established that biologically distinct sub-specific variants or strains of 
Echinococais granulosus^ occur showing variation in their infectivity to domestic animals and 
probably to man. Classical morphology, in vitro culture and biochemical methods such as protein 
and enzyme analysis have been applied earlier for characterization of Echinococcus granulosus 
isolated from several endemic areas. However a molecular approach involving restriction enzyme 
analysis and southern blot hybridization provides greater specificity because the technique can 
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detect minute diflferences in DNA sequences between different geographical strains. DNA 
analysis has the additional advantages over other identification methods. It is expected that the 
gene products may reflect stage specific or environmentally mediated factor including host in-
duced variations. Keeping these facts in mind, it was decided to identify the stage specific gene 
products particularly corresponding to organogenesis and maturation and to determine their an-
tigenicity. Further antigenic polypeptides have been localized in sub-cellular compartments of 
various developmental stages in order to see the origin and distribution of polypeptides. Among 
the various sub cellular compartments special emphasis has been focussed on surface plasma 
membranes in order to unravel various aspects of antigen turnover and immunogenic interactions 
that occur at the host-parasite inteiface. Moreover the changes in membrane bound enzymes 
with respect to development of the parasite as well as with the transformation from one host 
to another were also investigated. Finally surface glycoproteins of various developmental stages 
were purified by Con-A affinity chromatography and were partially characterized. It is expected 
that the results of present study will provide the basis for fijrther studies leading to the 
immunodiagnosis and immunoprotection. 
In order to accomplish the proposed work a number of techniques, like isolation of 
surface plasma membranes and sub cellular fractions, affinity chromatography, SDS PAGGE, 
immunoblotting, lectin binding protein probe were standardized It will not be out of place to 
mention that the present work has been carried out in a moderately equipped laboratory and 
many aspects could not be studied due to lack of facilities The salient features of the present 
study are summarized below: 
Chapter I deals mainly with the analysis of stage specific gene products in relation to 
morphogenesis and their antigenicity were investigated by SDS-PAGGE and immunoblotting 
respectively. Before the application of SDS-PAGGE for analysis of parasite protein, it was 
standardized under specificed laboratory conditions. The reproducibility of the SDS-PAGGE 
results were monitored by the electrophoresis of standard marker proteins thrice under specificed 
protocol conditions. The Rf values of standard marker proteins were plotted against respective 
Mr. The data of three runs were subjected to statistical analysis and the statistical parameters 
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viz. intercept, slope of best fit line and coefficient of corrleation were calculated which revealed 
insignificant differences, indicating the accuracy and reproducibility of the SDS-PAGGE pro-
tocol. 
Coomassie and silver stained electropherogram of total worm homogenate revealed a 
large number of polypeptides in the range of Mr <29 to >205 kDa and marked qualitative and 
quantitative differences among different developmental stages. The silver staining resolved com-
paratively more polypeptides than the coomassie staining, akhough the loading concentration 
of protein samples remained the same. This may be due to the specificity and sensitivity of the 
technique. 
Analysis of polypeptide profile revealed that a large number of polypeptides are con-
served in different developmental stages, however polypeptides specific to a particular stage/ 
stages were also detected. Due to the complexity in polypeptide profile, they are grouped into 
three categories. The first group includes "conserved proteins" which contains polypeptides hav-
ing Mr 153, 125, 109, 96, 90, 72, 67, 46, 40, 29 and several polypeptides < 29 kDa. 
The second category consists of "stage specific" polypeptides. Among these polypeptides 
with Mr 85 and 80 kDa which were initially detected in the protoscoieces, while 101 kDa 
polypeptide was found common in both protoscoieces and 8 days old worm. These polypeptides 
may be of buffalo origin, as protoscoieces remain in the fluid of the hydatid cysts, and may 
contain some host proteins, which subsequently disappear during the development in the de-
finitive host. Polypeptides with Mr 135, 112, 60 and 50 kDa were specifically detected in the 
8 days stage, which may be some regulatory proteins or isozymes which are required for this 
particular stage of development. Further polypeptides having Mr 144, 130, 105, 69 and 45 kDa 
were persistently detected fi-om 16 days to adult stages, these polypeptides are presumably 
related to the reproductive organs, since appearance of these polypeptides coincide with the 
development of reproductive organs. Besides this, polypeptides with Mr 108, 104, 34.5, 33, and 
30.5 kDa were found characterstic to the mature stage. These polypeptides may be either related 
to the hexacanths/secretion of reproductive glands or may be of dog origin since adsorption of 
host proteins by the surface of the parasite have been reported. Stage specific polypeptides 
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detected in the various developmental stages may be used in future studies leading to the 
blocking of parasite development by chemotherapeutic means. 
The third group comprised of "variable polypeptides", such polypeptides showed incon-
sistent presence during the development. Polypeptides with molecular weight of 115, 107, 103, 
102, 85, 82, 80, 78, 74, 64, 57, 49, 43, 42, 41, 37 and 32 kDa were identified as major variable 
polypeptides. These three groups of polypeptides substantiate the hypothetical model proposed 
by Rogers and Petronijevic for the control of the development of the parasites. It is suggested 
that the development is controlled by a set of genes which are stage specific and their control 
mechanism may involve intrinsic and extrinsic factors. However, fijrther studies are required 
to ascertain their fijnctions and biochemical nature. 
The polypeptides of different developmental stages were further analysed for their an-
tigenicity by immunoblotting technique. The primary immune sera, isolated fi'om experimentally 
infected dog puppies at various time intervals were used for the detection of antigenic polypep-
tides. Authenticity of the immunoblott results were checked by comparing the results of different 
post infection sera with that of control (pre infected) and absorbed sera. Among different 
developmental stages, maximum antigens were detected in the protoscoleces followed by 16 
days old worm, this may be due to the secretory products released by the protoscoleces during 
the process of attachment with gut tissues, while appearance of rudiment for various organs and 
reconfiguration of microtriches in 16 days stage are presumably responsible for increased an-
tigenicity. Among various immune sera, 24 days PI sera detected maximum antigens in all the 
developmental stages. Analysis of the results with respect to the developmental biology of the 
parasite, revealed that stage specific polypeptides synthesised at a particular stage can only be 
detected with post infection sera collected after 4-8 days of development. A large number of 
antigenic polypeptides were detected with different PI sera in various developmental stages but 
majority of them showed turnover. However four antigenic polypeptides (Mr 136, 70-75, 60-
62 and 45 kDa) were detected in most of the developmental stages and recognized by most 
of the PI sera and seems to be of pragmatic importance. It has been observed that antigenicity 
of the parasite decreases with the age (24 days old worms show minimum antigenic polypeptides) 
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followed by slight increase in subsequent stages of development, indicating antigenic turnover 
during the development. Contrary to this 24 days PI sera recognize the maximum number of 
antigens. 
It is concluded after computing and analysing the data that the most promising polypep-
tides are 60-62 and 45 kDa, present in all the developmental stages and recognized by the sera 
collected from 16 to 40 days post infections. Whereas 136 and 70-75 kDa polypeptides could 
be used for early diagnosis of infection, the former (60-62 and 45 kDa) could be used for latter 
phase of diagnosis of infection. These findings will form the basis of the future studies in this 
area. Although large number of polypeptides are resolved by the silver staining, but considering 
the variety of organs, these polypeptides are only few, therefore parasite proteins were further 
purified by sub-cellular fractionation. 
Chapter II deals mainly with localization of polypeptides at sub cellular fraction level 
in order to find out the origin and distribution of polypeptides associated with morphogenesis 
and organogenesis. Further, the purity of the sub cellular fractions was monitored by biochemical 
markers and the enzymatic turnover with respect to the development of the parasite was in-
vestigated at sub cellular levels. The surface plasma membranes of different developmental 
stages of the worm were isolated by non ionic detergent, Triton XI00. The other sub cellular 
compartments like nuclear, ICM, mitochondrial, microsomal and cytosolic fractions were isolated 
by density gradient centrifugation. The contamination and enrichment of SPM and other sub-
cellular fractions were monitored by specific marker enzymes. Acid and Alkaline phosphatase, 
ATPase, 5'NTDase, y-GTPase, SDH, LDH and DNA levels were assayed in cell compartments 
of different developmental stages (0, 16, 24, and adult). Alkaline phosphatase was found to be 
the primary marker enzyme for SPM and revealed a minimum of 10 fold enrichment compared 
to the total homogenate of the protoscoleces. Similarly ATPase was found as primary marker 
enzyme for ICM which revealed a maximum of 65 fold enrichment compared to total homogenate 
of the protoscoleces. Besides this, 9 and 30 fold enrichment in succinic dehydrogenase and 
DNA were observed for the mitochondrial and nuclear fractions of protoscoleces respectively. 
It is concluded that the primary marker enzyme of SPM is alkaline phosphatase and Triton X-
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100 at specified concentration is a safe detergent. The acid phosphatase showed inconspicuous 
changes during development while other enzymes (ATPase, NTDase and y-GTPase) showed 
initial increase and thereafter decrease in the later phase of development. The maximum enzyme 
activities were observed in 16 days old worm which is presumably due to the increased needs 
of various precursors required for protein synthesis to complete organogenesis. The internal cell 
membrane (ICM) isolated from the homogenate by differential centrifugation, showed maximum 
ATPase activity and hence it is considered as primary marker enzyme. The other membrane 
bound enzymes (Alkaline phosphatase, ST^TIDase and y-GTPase) showed gradual and signifi-
cant increase in the level during the transformation of larval to adult stage. DNA quantitation 
is used as marker for nuclear fi"action, whereas SDH was found to be mitochondrial marker and 
its level increases with the progress of development. During the growth and maturation of the 
parasite marked quantitative differences were observed in the level of various enzymes particu-
larly in the surface plasma membranes. This may be due to the change of the habitat, which 
requires biochemical adjustments and adaptations. However primary marker of the respective 
sub cellular compartments remain the same with apparent quantitave differences in level of 
activity. The probable functions of these enzymes and differences in their level during devel-
opment were discussed in the light of metabolic shift, mitochondrial biogenesis, transmembranosis, 
and biochemical requirements to maintain increased fecundity. 
The polypeptides of different sub-cellular fractions of various developmental stages re-
vealed marked differences in the coomassie and silver stained electropherograms. This is due 
to differential specificity and sensitivity of the two techniques and hence qualitative and quantitave 
differences were observed, however polypeptides specific to a particular compartment were also 
detected. Extensive polypeptide turnover was observed during the development in all the sub-
cellular fractions. SPM showed maximum polypeptide turnover while nuclear fraction revealed 
least turnover. In SPM, polypeptides having Mr 48, 65 and 100 kDa showed significant increase 
in their concentration during the development. Further, nuclear fraction of 24 days old worm 
is characterized by a very prominent polypeptide having Mr > 205 kDa. Similarly, mitochondrial 
fi^ action of adult worm showed a very prominent 58 kDa polypeptide, which constitutes approxi-
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mately 15 % of total proteins. In addition to this, a total of 5, 14, 19, 14, 13, and 9 conserved 
polypeptides were detected in SPM, ICM, nuclear, mitochondrial, microsomal and cytosolic 
fractions respectively. In addition to the completely conserved polypeptides, each sub cellular 
fraction showed variable number of polypeptides which were partially conserved among different 
stages of development. Considering the complexity of partially conserved polypeptide it was 
fiirther divided into sub categories (B, C, D, E & F). The categories and sub categories are 
as follows. 
A - Polypeptides which are present in all the developmental stages ( 0 , 16, 24 & 40 
days) are referred as completely conserved. 
B - Polypeptides exclusively present in 0 and 16 days stage are called as early stage 
polypeptides. 
C - Polypeptides present in 0, 16 and 24 days are called as early to middle stage 
polypeptides. 
D - Polypeptides detected in 16 and 24 days are referred as middle stage polypep 
tides. 
E - Polypeptides present in 16, 24 and 40 days stages are called as middle to mature 
stage polypeptides. 
F - Polypeptides exclusively detected in 24 and 40 days old worms are referred as 
mature stage polypeptides. 
The surface plasma membrane being the outer most covering, showed maximum polypep-
tide turnover. Contrary to this, ICM and nuclear fraction revealed comparatively lesser degree 
of polypeptide turnover. In mitochondrial fi'actions polypeptides turnover mainly restricted to 
early and mature stages of development may be associated to the mitochondrial biogenesis. The 
turnover in mitochondrial fraction of mature stage can be correlated with the appearance of 
isozymes in order to adjust the physiological conditions of the microhabitat. The microsomal 
fraction showed polypeptide turnover due to the enhanced protein synthesis machinery in order 
to fulfil the requirements of increased fecundity. The differences in the cytoplasmic fraction may 
be due to presence of transitory and stage specific proteins. 
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It is concluded from the polypeptide turnover of subcellular compartments during the 
course of development that this molecular heterogeneity is due to physiological and biological 
demands. The critical evaluation of the dynamic nature of polypeptide profile further suggests 
that morphogenesis and organogenesis required some specific or characteristic polypeptides. The 
variable polypeptides may be a consequence of the occurrence of isoenzymes assembly at 
particular phase of the parasite, in order to manage the metabolic activities and to fijlfil increased 
demand of the energy. The high degree of variability and turnover may be due to the presence 
of transitory polypeptides and post translational modification or may be influenced by the habitat 
contributory factors. This leads us to suggest that future studies should be carried out on the 
mechanism of host protein sharing and/ or post translational modifications. It is evident from 
the foregoing study that during development hundreds of gene products are produced, some of 
them are found conserved throughout the development while most of them remain in the dynamic 
state and detected in various sub-cellular compartments 
Although polypeptides visualized by coomassie and silver staining are largely similar, but 
some polypeptides are characteristically detected by either staining techniques. Polypeptides 
specifically detected by silver staining are presumably conjugated proteins (lipoprotein & gly-
coproteins), as coomassie staining is insensitive for such proteins. In addition to this, few polypep-
tides in each fractions were exclusively detected by coomassie staining, such polypeptides are 
presumably calcium binding proteins, since silver staining has no affinity for such proteins. 
Chapter III deals mainly with the localization of antigenic polypeptides at the level 
of sub cellular fractions. It is expected that the resuhs will throw light on the immunobiology 
as well as provide informations about antigen polymorphism and sharing which are the important 
aspects of immune evasion in cestode immunity. The antigenicity of the polypeptides was analysed 
by immunoblotting using different PI sera collected at different interval from the natural host, 
as primary antibodies, while conjugated IgG and IgM were used as secondary antibodies. It is 
evident that a large number of antigenic polypeptides resolved, showing a high degree of vari-
ability in various fractions as well as in a particular fraction during the development. The antigenic 
polypeptides localized in sub-cellular fractions have comparatively more affinity with IgG 
than IgM. 
The total number of IgG specific antigens detected in the various sub-cellular compart-
ments of protoscoleces showed 3.6 fold increase compared to total worm homogenate. Similarly 
3.2, 4.9 and 5.3 fold increase were observed for 16, 24 and 40 days old worm respectively. 
This increase in number of antigens may be due to the concentration and purity of polypeptides. 
Among the various sub-cellular compartments, maximum IgG specific antigens were detected 
in the mitochondrial fi^action followed by cytosolic fractions. This can be attributed to the proteins 
synthesised by extra nuclear DNA and also due to the appearance of isozymes which are re-
quired to manage the metabolic requirements during development. The surface plasma mem-
branes showed gradual increase in antigenicity during the differentiation and maturation phase 
(larval to 24 days stage) of development and thereafter insignificant change was observed. 
Moreover among the various post infection sera, maximum immune response was detected with 
24 days PI sera. This may be due to the various possible reasons. Firstly by 24 day of de-
velopment most of the organs developed and so their corresponding polypeptides are synthe-
sized, secondly by 24 day both weak and strong antigens were able to sensitize the immuno-
competent cells and finally by this period the infective stage determines its fate for establishment 
or rejection by regulating its metabolic processes. It was observed that some polypeptides are 
strong antigens and elicit early immune response, other may be weak antigens produced delayed 
immune response. This indicates that the phenomenon of "competition of antigens" may also 
occurr, because it has been suggested that when a mixture of weak and strong antigens were 
innoculated, the animal fails to respond to weaker antigens However repeated sensitization with 
weaker antigens evoke sufficient immune response. It is expected that by day 24, the host has 
developed sufficient antibody titer against such antigens mounting the immune pressure on the 
parasite. Consequently parasite releases the immune pressure either by capping of immune 
complexes or by turnover of antigens. However parasite components which are synthesized at 
or after 24 days stage again stimulate the antibody production, subsequently slight increase in 
number of antigens was detected for the adult stage of the parasite. 
The IgM specific antigenic polypeptide profile showed a unique pattern. Larval stage 
of the worm showed maximum antigenicity which drastically decrease in the 16 days stage. 
thereafter slight increase in antigenicity was observed in 24 days old worms The number of 
antigenic polypeptides again decreases in the adult worm Such cyclic changes in antigenicity 
clearly indicate the possibility of the post translational changes in some antigenic polypeptides 
leading to antigen polymorphism during development. Among the various fractions maximum 
antigenic polypeptides were detected in nuclear, microsomal, and cytosolic fractions of 
protoscoleces, 24 and 40 days old worms respectively. The surface plasma membrane showed 
periodicity in its antigenic behaviour, maximum antigens were recognized in SPM of protoscoleces 
which drastically decreases in 16 days old worm. Thereafter increase in number of antigenic 
polypeptides was detected in 24 days worm followed by again a decrease in the adult worm 
It has been observed that IgM is mainly involved in early immune response, while IgG 
played a dominant role in the later phase of infection However some antigenic polypeptides 
were commonly detected by IgG and IgM. It is evident from the present study that a particular 
fraction showed extensive antigenic polymorphism during the development Detection of a par-
ticular antigenic polypeptide of a specific fraction showed variation with respect to the phase 
of parasite development and with the PI sera used Therefore, majority of antigenic polypeptides 
showed partial immune response, reacting either with IgG or IgM or both depending on the 
PI sera used. It is evident from the analysis of results of immunoblots that hundreds of antigenic 
polypeptides were detected showing high degree of variability depending upon the phase of 
development, type of sub-cellular compartment, PI sera and affinity with class of immunoglobu-
lins (IgG/IgM). So for convenience, special emphasis has been focused on those polypeptides 
which are either totally or partialy conserved during the development and are recognized by 
most of the PI sera are being considered to be of pragmatic importance. 
The surface plasma membrane revealed three pragmatic antigens, two of them (Mr 31, 
37-38 kDa) were completely conserved while 112 kDa antigen was detected in the mature stage. 
The ICM fraction revealed seven antigenic polypeptides, three antigens (Mr <29, 85, 138 kDa) 
were found completely conserved whereas one antigen with Mr 53 kDa was detected in middle 
stage. Antigenic polypeptides having Mr <29, 65, 75 kDa were resolved in ICM fractions of 
mature stage of the worm The number of potential antigens decreased in the nuclear fractions 
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and a total of four antigenic polypeptides were identified Two of them (Mr 82, 95 kDa) were 
found completely conserved, while antigenic polypeptides having Mr 34, 38 kDa were detected 
in early to middle stage of development. Mitochondrial fi-action revealed eight pragmatic antigens, 
two of them having Mr 30, 31 kDa were completely conserved, while antigens with Mr 38, 
50, 80 and 34 kDa were identified in the early to middle stage and middle stage of the worm 
respectively. Besides this, 41, 138 kDa mitochondrial antigens were detected in the mature stage 
of the worm. Further microsomal fi-action revealed eight pragmatic antigens, two antigenic polypep-
tides with Mr < 29, 35-35.5 kDa were completely conserved, while antigens with Mr 38, 63 
kDa and 52, 66, 75 and 138 kDa were detected in the early and mature stages of development 
respectively. In cytosolic fi-action, two antigenic polypeptides of Mr 43-45, 49 kDa were found 
completely conserved, while antigenic polypeptides having Mr 31-31 5, 85 kDa were detected 
in the early stage. Similarly antigenic polypeptides with Mr 53 and 75 kDa were detected in 
the early to middle stage and mature stage of worm respectively 
Among the pragmatic antigens, 37-38 kDa antigen of SPM, 53, 75,138 kDa antigens of 
ICM, 34, 41, 138 kDa antigens of mitochondrial fi-action and 52 kDa antigen of microsomal 
fi-action showed IgG dominant epitopes. Whereas 34, 95 kDa antigens of nuclear fi-action, 30, 
31 kDa antigens of mitochondrial fi-actions, 138 kDa antigen of microsomal fi-action and 43-
45, 75 kDa antigens of cytosolic fraction predominantly have IgM epitopes These differences 
in recognition of IgG and IgM epitopes may be due to post translational modifications, as it has 
been reported that glucosydic epitopes mainly evoke IgM immune response 
Besides the antigenic polypeptides, there are some polypeptides which are not detected 
by any PI sera. One non antigenic polypeptides having Mr 35 kDa and nine non antigenic 
polypeptides with Mr 37-37 5, 58, 110, 38 5, 42, 63, 74-75, 38, 60 kDa were detected in the 
SPM and ICM fi-actions respectively. Similarly polypeptides with Mr 37-37 5, 44, 49, 43, 108 
kDa in nuclear fi-action and 33, 37, 32.5, 38.5, 65-66, 41, 42, 110 kDa in mitochondrial fi-action 
were found non antigenic. Further, microsomal polypeptides having Mr 32, 37, 30-30 5, 68, 33-
33.5, 42-42.5, 69-70, 52, 53, 54, 120 kDa and cytosolic polypeptides with Mr 37, 65-66, 120, 
44, 52, 165 kDa were identified as non antigenic proteins These non antigenic polypeptides 
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may be involved in other physiological function or have some evolutionary significance. How-
ever, this requires further studies to ascertain this hypothesis or to determine the exact functional 
aspects of such polypeptides. 
Chapter IV deals with the identifications of lectin (Con -A) binding glycoproteins in 
sub cellular fi-actions and analysis of Con-A affinity of the antigens of pragmatic importance. It 
is evident from the results that glycoproteins are unevenly distributed in various fi-actions, the 
maximum glycopeptides being detected in mitochondrial followed by microsomal and cytosolic 
fractions. The SPM surprisingly have minimum number of glycopeptides. The glycopeptides 
were mainly detected in Mr range of 40-100 kDa and the maximum number of glycopeptides 
were observed in 16 days old worm followed by larval and 24 days old worms Among the 
various potential antigens of different fractions, glycoproteinaceous nature was observed for Mr 
< 29, 53, 75 kDa antigens of ICM, 38, 82, 95 kDa antigens of nuclear fractions and 34, 41, 
50, 80, 138 kDa antigens of mitochondrial fraction. Similarly potential antigens having Mr 35, 
35-35.5 38, 66 kDa in microsomal fraction and Mr 43-45, 49, 53, 75, 85 kDa antigens of cytosolic 
fractions have glycoproteinaceous nature. The occurrence of glycopeptides was also analysed 
with respect to the development and extensive turnover was observed. However some remain 
conserved either in early or late phase throughout development. Particularly glycopeptides (Mr 
120, 80, 59, 42 and 37 kDa) seem to be exclusively involved in the development of reproductive 
organs. It can be concluded that both antigenic and development associated glycopeptides show 
a high degree of turnover during development of the parasite. 
Con-A positive polypeptides have been detected in the SPM of different developmental 
stages but surprisingly its potential antigen does not show Con-A affinity. This may either be 
due to specificity of Con-A towards a-D mannose and a- D-glucose or due to low concentration 
of glycoproteins. To overcome this problem of lower concentration, surface membrane were 
further purified by Con-A affinity chromatography. 
Chapter V deals mainly with the Con-A affinity purifications of surface glycoproteins 
and partial characterization of purified surface glycoproteins. The elution profile of glycoproteins 
by Con -A affinity chromatography revealed two peaks. The major peak comprises Con-A negative 
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proteins while the second peak contains Con-A positive glycoproteins. The Con -A positive 
fraction was further analysed by gradient SDS-PAGGE followed by silver staining. The elec-
tropherogram of purified glycoproteins revealed conserved as well as variable surface glycoporteins. 
Analysis of results revealed a total of 14 and 15 glycopepetides in larval and 16 days old worm 
respectively. Similarly 11 glycopeptides were resolved in the 24 days immature worm whereas 
13 glycopeptides were detected in 40 days old worm. Although the loading concentration of 
glycoprotein samples of different developmental stages were kept constant, but qualitative and 
quantitative differences in glycoproteins were observed. The surface glycoproteins are largely 
conserved among the different developmental stages, however some stage specific glycopep-
tides were also detected. Such variations are due to the specificities of the glycoprotein for 
different stages of development. A prominent glycopeptide with molecular weight of 29 kDa 
was exclusively present in the protoscoleces. Similarly glycopeptides having molecular weights 
of 92, 75 & 24 kDa were found unique to 16 days old worm. Further a glycopeptide with 
molecular weight of 25 kDa and two glycopeptides having molecular weights of 24 & 30 kDa 
were found characteristic for 24 and 40 days old worm respectively. Further ten conserved 
glycopeptides having molecular weights of 14, 14.5, 15, 16, 42, 45, 47, 60 70 & 180 kDa were 
detected which were present in all the developmental stages. Moreover 16 kDa conserved 
glycopeptide was uniformly present in all the developmental stages. Antigenic analysis revealed 
three conserved glycoprotein antigens (Mr 16, 60, 70 kDa). Among these, antigenic polypep-
tides with Mr 16 kDa was consistently detected by PI sera collected from 16 to 40 days post 
infection and seem to be of pragmatic importance either in diagnostic or in protection 
The analysis of the gene products of E. granulosus during the course of development 
leads us to conclude that the protein profile of the worm remains in dynamic state and a con-
tinuous process of synthesis occurs. This supports the hypothesis proposed by Rogers and 
Petronijevic that the development is regulated by a set of genes. As many new polypeptides 
are synthesized at a particular stage of development, which may or may not be antigenic in 
nature. The synthesis of new polypeptides corresponding to a particular phase of morphogensis 
may be functionally involved in the development or may be some isozymes required for metabolic 
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adjustment to fulfil the energy requirements particularly during the transformation fi-om one 
habitat to another (cystic to intestinal). Moreover during the development, marked biochemical 
and enzymatic turnover was also observed in the sub-cellular compartments. Besides this many 
polypeptides are conserved throughout the development indicating phylogenetic and evolution-
ary significance. 
Analysis of the data on characterization of the antigens reveals that antigenic polypep-
tides show a degree of turnover and specificity with respect to the phase of development, and 
the nature of sub-cellular compartment. The maximum polypeptide turnover was noticed in 
the adult worm compared to other developmental stages, indicating that host/habitat contributing 
factor played a dominant role. 
The increased variability indicates that the mechanism of evasion of immunity played 
a dominant role during the course of development which is a consequence of any of the mecha-
nisms like antigenic shift, masking of surface antigens, molecular mimicry, antigenic competition, 
sequestration, post-translational modification and glycosylation of the polypeptides. This certainly 
requires fiiture studies to work out the exact mechanism involved in the evasion The maximum 
antigenic turnover is associated with the surface plasma membranes, which resulted in variation 
in recognition of the specific antibodies. The identification and detection of the antigenic polypep-
tides is greatly influenced by the purification and concentration factor. The maximum glycopep-
tides were recognized after Con-A affinity chromatographic purification of surface proteins. 
It is expected that these glycopeptides are synthesized in the sub-tegumental cells and transported 
through the microtubular system and deposited on the surface as component of SPM as reported 
in some trematodes. 
It was observed that the immune response was detected as early as in the first week 
of infection under specified experimental conditions. Further, it was noticed after comparing the 
results of electropherograms and immunoblots that a newly synthesized polypeptide showed 
immune response after 4-8 days, suggesting that this period is required for sensitization of 
immunocompetent cells. Moreover IgM is primarily involved in the early phase of infection 
while IgG played a dominant role in the late phase of infection. 
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It is concluded that the parasite showed extensive antigenic polymorphism, the recog-
nition of antigens with different PI sera is quite variable. Antigenic modification was also 
observed during the development, which may be due to the post translational modifications. The 
surface plasma membrane protein showed differential level of glycosylation at various stages 
of development. The antigenic polypeptides are either completely or partially conserved and 
recognized by IgG and IgM of most of the PI sera and these antigenic polypeptides (Mr 16, 
30, 31, 34, 35-35.5, 37-38, 41, 43-45, 50, 53, 63, 66, 75, 80, 82, 85, 95, 112 & 138 kDa ) 
seem to be of pragmatic importance. It is suggested that these antigenic polypeptides should 
be clone in suitable vector and the possible role of these antigens in immunodiagnosis and 
immunoprotection should be investigated and the cross reactivity with sera from other helminthic 
infection should be examined. 
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INTRODUCTION 
INTRODUCTION 
Hydatidosis is one of tlic most important zoonotic diseases of global importance, caused 
by metacestode of Echinococcus granulosus which is a cyclophylidian, hermaphrodite, 3-4 seg-
mented taeniid cestode of 2-6 mm length. On the basis of susceptibility to various intermediate 
and definitive hosts, different life cycle patterns have been proposed from various geographical 
regions (Thompson and Lymbary. 1990 a). In India, the life cycle mainly operates between dogs 
and buffaloes. The adult parasite inhabits the upper part of small intestine of definitive host (dogs 
and other canines) and after the required prepatent period, the apolysis sets in and the gravid 
segment containing fully developed hexacanths pass out with faeces. Intermediate hosts (buffa-
loes, sheep, goat, pigs etc.) acquire the infection during grazing on contaminated pastures, wheareas 
man gets infected accidently due to close contact with dogs/faeces (Fig. 1). Hatching of 
onchosphere takes place in the small intestine of intermediate host and hexacanths migrate to 
different organs either through lymphatic or blood circulatory systems. The hexacanths can lodge 
itself in any organ of the body, however lungs and liver are the most favoured sites. Thereafter 
asexual phase of reporduction starts, resulting in the formation of fluid filled hydatid cyst. 
A hydatid cyst is either fertile or sterile depending upon the presence or absence of 
protoscoleces respectively. The fertile hydatid cysts having protoscoleces are responsible for the 
completion of life cycle and perpetuation of infection and therefore assume significant impor-
tance. However pathological manifestation is the same, irrespective of the nature of hydatid cysts 
(Plate 1). 
Generally parasitic infections in man and domestic animals, when remain unnoticed, can 
cause morbidity and severe malnutrition. They are more common in the developing world and 
the extra burden imposed by them on the community is devastating. The poor health and mal-
nutrition in these coimtries is not only attributed to scarcity of food but also due to the low quality 
of food and sucesptibility to parasitic infections and their pathological consequences. 
The long prepatent period and appearance of clinical symptoms in the advanced stage of 
the disease leads to significant loss of man power potential. The limitations of conventional 
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Fig. 1 - Life cycle of Echinococcus granulosus in India 
Plate 1- Hydatid cysts in various organs of buffalo. 
1 - Hydatid cyst of liver 
2- Hydatid cyst of diaphragm 
3- Detached hydatid cyst, sho%ving large number of devel 
oping daughter cysts. 
4- Reco\'ered adult worm of E. gi^anulosus from the 
experimental infection in puppies. 

diagnostic methods further hinder the early diagnosis of the disease. However recent techniques 
like ultrasonography, radio-isotope scanning, intravenous viscerography and computer-assisted 
tomography (CAT) etc. can detect hydatidosis in early stage but the cost of these instruments and 
the nmning expenses are extremely high which can not be afforded by the tropical rural popu-
lation. Moreover chemotherapeutic treatment of hydatidosis with some recent anthelmintics has 
shown to be of limited success due to slow prognosis. Therefore surgery is the only alternate 
treatment, but in many cases even surgery fails, particularly when multiple cysts are present 
involving several organs. Hence an early detection and diagnosis is imperative for the application 
of any effective control programme. 
Worldvkdde prevalence of human hydatidosis has been reviewed by Schwabe, (1986), but 
no comprehensive study is available from India except few scattered reports. The infection has 
been reported from different states and pointed out that the prevalence has assumed an increasing 
trend of incidence (IrshaduUah, et al., 1989a, b). 
The other important feature of this parasite is the development of different strains, which 
have been reported from different animals and geographical regions. The problem of strain 
variation and characterization have been comprehensively reviewed by Thompson et al., (1995). 
The practical significance of strain variation lies in the fact that each strain showed different host 
specificity, pathogenesis and other characteristic which profoundly influence the local epidemi-
ology and control measures. 
Hydatidosis is an important disease particularly in the Indian perspective because our 
economy is based on agriculture and agricultxiral products. The contribution of livestock to gross 
domestic products (GDP) is highly significant. According to 1987 census India has about 195.87 
million cattle, 76.77 million buffaloes, 44.84 million sheep, 99.41 million goats, 10.76 million pigs 
and 2.9 million pack animals. The gross value of output from li\'estock sector alone at current 
prices was about Rs. 588 billion in 1992-93, which is about 26% of the value of total agricultural 
output. Besides this, cattle are involved in transportation, irrigation, and as draught power as well 
as provide raw materials like wool, skin, hides, hom etc. for various agrobased industries. Though 
India has substantial cattle population, but due to the lack of proper care and managment, the 
livestock fails to contribute to the national economy to their maximum potential as it expected. 
Among the various factors, poor health caused by parasitic infections is one of the main factor. 
According to Ramazanov ct a].. (1978). hydatidosis alone causes high morbidity and 7% loss in 
milk production was observed in infected animals. 
In view of the above facts hydatidosis is a continuing threat to man and domestic animals 
in our country. The existing con\entional control methods which rely on changing the pattern of 
social behaviour or eradication of definitive host, raise enormous difficulties. Moreover chemo-
therapeutic control measure in h>'per endemic areas may reduce the worm burden, but simulta-
neously causes suppression of immune system, leading to the development of more susceptible 
population of the host which is more prone to parasitic infections. Chemotherapy rarely succeeds 
in elimination of infections, even a single surviving worm will produce large number of eggs, 
sufficient for infecting thousands of intermediate hosts. 
The existing diagnostic technique being used on large scale is purging of dogs with 
arecoline hydrobromide and examination of purged samples. However it has various disadvan-
tages like poor sensitivity, side effect of arecoline hydrobromide and high risk of infection to 
persons working on the disease. Therefore it is necessary to explore the possibilities of alternative 
diagnostic methods. The immunodiagnostic method may prove to be a better alternative for early 
and accurate diagnosis of infection. Unfortunately very little research has been directed towards 
the development of immunodiagnostic technique, despite their potential usefulness in control 
prograirmies, the accurate serological diagnosis of infection is difficult due to serological cross-
reaction wdth several other parasite species in definitive and intermediate hosts. Analysis of many 
iirununodiagnostic procedures for hydatid infection is difficult to interpret owing to the lack of 
appropriate age-matched controls. A further problem in immunodiagnosis is apparently poor 
antibody response to infection in many natural intermediate hosts, however high immune re-
sponse of specific antibody was seen in human infections. The advances in immunodiagnosis of 
hydatid disease largely reflects increased characterization of parasite antigens. The source of 
antigen is important for the evaluation of diagnostic tests. Generally hydatid cyts fluid, protoscoleces 
and cyst membranes have been used as source of antigen in diagnostic tests. Available informa-
tion on hydatid antigen reveal that different nomenclatures have been used like Ag5/f5/AgA/ 
AgB and their sub classes. Not only this, the selection and reliability of diagnostic techniques 
applied arc also varied with respect to the intermediate host like casoni intradermal test, CFl, 
indirect fluoroscence antibody (IFA), enzyme linked immunosorbent assay (ELISA), immuno-
electrophoresis (lEP), precipitation test, generally used in domestic animals. Contrary to this, in 
the definitive host, a variety of potential sources of antigenic stimulation were noticed. These 
include E/S molecules, parasite broken down products absorbed by the gut mucosa, scolex 
secretions at the site of attachment etc. 
A number of studies on immunodiagnosis of Echinococcus in dogs have been carried out 
(reviewed by Lightowler et al.. 1993). These studies provide varied degree of specificity and 
sensitivity for diagnosis of Echinococcosis and seem to be of practical value. However, Gasser 
et al., (1990) have pointed out and suggested that in order to improve the specificity and sensi-
tivity, further studies should be carried out using antigens from other developmental stages. 
Although a lot of work has been carried out on cystic hydatidosis, but intestinal phase of 
the parasite remains neglected. It is therefore essential to investigate the stage specific antigens 
and their immune response particularly during the development of the parasite in the definitive 
host. Such studies would be useftil to explain many aspects of immunobiology such as antigenic 
polymorphism, turnover, antigen sharing and immune evasion. However for the development of 
a definite diagnostic/protective antigens it is pre requisite to have a complete knowledge of 
developmental biology, biochemical and genetic changes associated with the development and 
also the antigen polymorphism alongwith immune response in the dog. 
In the definitive host the intimate contact between the scolex and the gut wall provide an 
opportunity for direct immunological interaction. In recent years antibodies have been detected 
against the scolex antigen but their exact characterization is still awaited. In addition to this, 
antigen fi-om other parts of the worm excreted or secreted by the worm during infection may be 
absorbed by the host intestine and elicit immime response. Such presentation of antigens via gut 
have been effectively used for antigen delivery in many bacterial and viral vaccines (Stokes, 
1984). In many other helminths the site of synthesis and secretion of antigen have been reported, 
but in cestodes no conclusive evidence is available, although the secretory role of the surface 
tegument in cestodes has already been established particularly in transmembranosis and in anti-
genicity. The antigenic nature of surface antigens and their polymorphism is an important area of 
cestode immunity and hence the dynamic nature of these antigens and their immune response 
with special reference to the developmental biology of the parasite makes an interesting aspect 
and will provide the results of applied nature. The surface plasma membranes are actively 
involved in the defence against host immune attack and remain in a dynamic state (Threadgold, 
1984). The surface plasma membranes are externally covered with glycocalyx, consisting prima-
rily of polyionic proteins containing both cationic and anionic binding sites. Further various host 
components including immunoglobulins and other immune components are reported to be ab-
sorbed on the glycocalyx (Philipp and Rumjaneck, 1984). Absorption of antibodies to parasite 
surface may have a protective function whereas other macromolecules may be of metabolic 
importance. 
In most of the cestode infections the host protective immunity can occur against these 
lumen-dwelling worms, but in Echinococcus very little work has been carried out. However 
studies on host mediated protection like killing of protoscoleces by peritoneal cells and preven-
tion of establishment of parasite by passive transfer of immune serum, and killing of parasite by 
adaptive transfer of immune spleen cells, have been reported. Moreover, Echinococcus specific 
antibodies have also been detected in dogs, these findings strongly suggest the scope of host 
mediated protection and immunodiagnostic probe for Echinococcus. 
In addition to this, iirmiunoprotection has several advantages over other method of parasite 
control. Thus there is much scope to carry out research on the development of define putative 
vaccine, which holds great promise for preventing hydatidosis. 
Although studies carried out pn immunization of dogs against infection with E. granulosus 
often give inconsistent and poor results, however partial protection has been achieved in some 
studies. In recent years a number of antigens generated by using r-DNA technology have been 
tested but absolute protection has not been achieved, and the results obtained reveal either cross-
reactivity v^th other helminths or weak immune response was noticed. Hence there is consid-
erable scope for investigation of the host-parasite relationship particularly at gut level. A better 
understanding of the extent of immune response and immune evasion mechanism utilized by the 
parasite may provide the pessimistic prospects for effective vaccination. 
Keeping these facts in mind, the present work was carried out to investigate the stage 
specific gene products of different developmental stages isolated from the dog correspondingly 
showing segmentation, organogenesis and maturation phases and also their antigenic nature. 
Emphasis has been focused to investigate the surface plasma membrane antigens and their 
dynamic nature so that a better understanding of immunologic dialogue at the host-parasite inter-
face can be achieved. Further, potential antigenic polypeptides have also been analysed and their 
localization at sub-cellular level has also been investigated. It is expected that this will provide 
the basic information for future studies pertaining to immunodiagnostic and immimoprotection. 
HISTORICAL REVIEW 
Historical Review 
The physiological significance and the ubiquitous distribution of proteins make them an 
integral component of every biological activity. Besides being building block, proteins are in-
volved in the contractile system, in transport mechanism, as protective agents, toxins, amino acid 
resource and energy fuel in absence of primary source. 
During cellular differentiation, tlve nucleo-cytoplasmic interaction lead to the qualitative 
and quantitative biochemical changes that ultimately lead to morphogenesis. The metabolic 
turnover accompanying the transformation from one stage to the next during the completion of 
the life cycle involve qualitative as well as quantitative changes in various metabolites, which 
are greatly influenced by physico-chemical factors of different micro-habitats. 
Rogers and Petronijevic (1982) have suggested that the development is controlled by sets 
of genes which are activated or suppressed on receiving an appropriate stimulus involving 
complex interaction between intrinsic and extrinsic factors at a specific stage of the life cycle. 
Such controlled genes may also be responsible for differential antigenic and protein turnover 
in parasites. The proteins are of obvious interest as the development of new structures and 
physiological activities are linked with these molecules. 
Besides this, in order to maintain the germ line, majority of helminths have enormous 
fecundity. The asexual reproductive phase highlights the significance of protein metabolism in 
organisms. At hydatid cyst stage, the parasites undergo asexual multiplication, resulting in an 
amplification of genome, as millions of protoscoleces are produced fi-om single hexacanths. In 
addition to this rapid strobilization and maturation in cestodes also suggest that helminths possess 
an efficient protein synthesis machinery. 
Literature survey of the work done in the past several years clearly reveal that only few 
species of helminth parasites particularly schistosomes, Fasciola and Hymenolepis have been 
used for the study of developmental biochemistry and protein synthesis alongwdth immunological 
interactions. However it is generally accepted that whenever the cellular differentiation and 
asexual multiplication is involved, proteins and nucleic acids play a vital role. It has been observed 
in most of the invertebrates that tlie nucleic acid synthesis is followed by protein synthesis 
in cellular differentiation particularly in gonadal development and maturation processes. Thus, 
it is evident that the protein synthesis is an important aspect in maintaining the parasitic 
mode of life. Hence, the study of stage specific gene products and their role in immunobiology 
may um^avel the mysteries of antigenic complexities and /or provide insight in the future 
prospects of the immunoprotection and immunodiagnostic studies. 
The hydatidosis is a continuing threat to the health of man and domestic animals in many 
countries and existing control methods which rely on altering patterns of social behaviour raise 
enormous difficulties. Despite the availability of some highly effective drugs regular chemo-
therapy treatment has not provided effective control. Thus there is scope and incentive for 
research on the development of \'accines which holds great promise for preventing cestode 
infections. 
The salient aspect of the biology of hydatid disease, recently recognized but now generally 
accepted, is that E. granulosus exist as complex intraspecifie variants or strains which differ 
from one another in a variety of characteristics. The practical significance of strain variations 
in E. granulosus lies in the fact that genetically controlled variations in host specificity, patho-
genesis and other characteristics of the parasites may profoundly influence the local epidemi-
ology and control of hydatid disease. Strain characterization is particularly important in terms 
of drug efficacy, antigenic characterization and cross infectivity of various strains to heterolo-
gous hosts. Implications of strain variation not only reflect biological characteristics with important 
ramifications of serological screening and fiature chemotherapy or vaccination strategies, but 
may also reflect the potential of various strains to infect man. 
I. Problem of strain variation and characterization: 
The important feature of E. granulosus is the development of different strains which 
makes the problem of hydatidosis much more complicated. This parasite involves a variety of 
intermediate hosts like sheep, goat, pig, camel, nmiinants and human beings, while dogs are the 
main definitive host. However, some wild canines like dingoes and jackals have also been reported 
as definitive host in Australia and Kenya respectively (Kumaratilake et al., 1983; Macpherson, 
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et al., 1983). Therefore, on the basis of susceptibihty of various intermediate and definitive 
hosts, different life cycles have been proposed from various geographical regions (Thompson 
and Lymbery, 1990a). 
In England two distinct life cycles, of E. granulosus are reported, one involves sheep/ 
dogs and is geographically localized, while the other operates between horses/dogs and is wide 
spread (Thompson and Smyth, 1975; Thompson, 1977a). These two populations can not be 
considered as ecologically and reproductively isolated, since infected horses are found in those 
geographically isolated areas where ovine hydatidosis is also endemic. In both the cases dogs 
act as a definitive host and thus interbreeding of parasites in certain localized areas could occur 
within the definitive host. For this reason Rausch (1967) considered these two populations to 
be taxonomically invalid and for convenience they are referred informally as the sheep and horse 
strain, which were primarily recognized as two sub-species (Williams and Sweatman, 1963). 
The mode of reproduction in Echinococcus itself leads to the production of strain becuse 
it is self fertilizing hermaphrodite therefore if a recessive mutation occurs, it may appear both 
in eggs and sperms, resulting in the formation of a double recessive. The larval stage multiplies 
asexually and thus a large population of genetically identical worm could arise fi-om a single 
mutant. If a particular mutant is favourably adapted to a new intermediate host a new strain 
could rapidly became established (Smyth, 1977). Thus the mode of reproduction in E. granulosus 
favours the expression of mutants, and therefore, it is hardly surprising that a large number 
of strains have been reported from various parts of the world (Thompson, 1986; Thompson 
and Lymbery, 1988, 1990 a; b and Thompson et al., 1995). However the term strain is somewhat 
confusing and it is now accepted to refer as intraspecific variants of uncertain taxonomic status. 
Initially it was regarded that strains are restricted to different hosts species and the major 
criteria of their characterization was only if one strain did not develop in the host of other 
and vice versa (Smyth, 1977) but this may not always hold true (McManus and Smyth, 1986; 
Cook, 1989). Therefore, various definitions of strains have been proposed. Some parasitologists 
have regarded strains as population of a species which differ in morphological and biological 
features and have been characterized by one or more biological criteria (Thompson, 1988). 
n 
TTie different criteria which have been used to cliaractcrizc diflcrent strains have been re-
viewed by Thompson mid Lymbcry (1988). These authors have defined strains "as a group of 
individuals which differ statistically from other groups of the same species in one or more 
genetically determined characters of actual or potential significance to the epidemiology and 
control of hydatid disease". 
The first turning point in our understanding of strain variation came with the demonstration 
of differences in nutritional requirements between British sheep and horse strain by in vitro 
a 
culture technique (Smyth and Davies, 197^. In addition to this, epidemiology, host specificity, 
in vivo development, biochemistry and more recently genetic heterogeneity of these strains have 
been studied (Thompson and Smyth, 1975; Thompson. 1977a; 1986; 1988; 1991; McManus et 
al., 1987; McManus and Rishi 1989; Smyth, 1990). The infectivity rate of these strains also 
varies, as the horse strains are reported to be non-infective to sheep (Hatch and Smyth, 1975). 
Similarly, on the basis of morphological, developmental and biochemical studies three strains 
have been reported from Australia (Kumaratilake et al., 1983; Thompson and Kumaratilake, 1982; 
1985; Kumaratilake and Thompson, 1983; 1984a; b). Among these, two domestic strains are 
primarily perpetuated in a typical sheep/dog cycle, one is found throughout the mainland, whereas 
the other is restricted to Tasmania. The third strain is a sylvatic strain involving wallabies and 
kangaroos (Macropodidae) as inteinediate and dingoes {Canis familiaris dingo ) as definitive 
hosts. Baldock et al., (1985) have reported that the protein profile of the human isolates were 
identical to that of mainland domestic strain and quite distinct fi^om the sylvatic strain. It was 
fiirther concluded that the sheep strain fi-om the Australian mainland may be infective to human 
beings. 
A similar situation has also been reported fi-om Kenya where an unusually complex strain 
picture exists and the hydatid disease has been considered to be of major public health singificance 
(Nelson, 1986). Extensive biochemical studies suggest the occurrence of at least three strains, 
one which occurs in man, sheep and goats, while second occurs in camel and goats, and the 
third may be peculiar to cattle, although the status of cattle form is not confirmed (McManus, 
1981; Macpherson and McManus, 1982). Further, Macpherson and Smyth (1985) have reported 
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by in vitro culture study, that the isolates of E. gramilosus from different hosts of Kenya 
arc closely related and likely to be cross infective to each other. The cross transmission 
experiment suggests that all these strains are infective to dog and baboon (Macpherson, el 
al., 1986). From India, Gill and Rao (1967) investigated the biology and morphology of 
E. granulosus from buffalo/dog origin. They reported that this material resembles with 
E. granulosus canadensis as far as number of segment is concerned but differ in the distribution 
of testes, size of mature and gravid segments and the development of secondary cysts in albino 
mice. On the basis of these results they pointed out that the material of buffalo/dog origin 
did not appear to fall into definite subspecies pattern but considered it as variant or mutant 
adapted to a different and more suitable intermediate host. Pandey (1972) observed that goat/ 
dog material was infective to cats but the worms did not attain sexual maturity and showed 
stunted growth. He further pointed out, that although goat/dog material was closely related 
to E. granulosus newzealandensis, but did not correspond to any subspecies and considered 
it as a "strain" or "mutant". 
Additionally, there is an increasing evidence that geographical sub-strains may also exist, 
even vkdthin the same host (McManus, 1981; Macpherson and McManus, 1982; McManus and 
Rishi, 1989). Using biochemical criteria, McManus (1981) has suggested that the human and 
sheep forms of E. granulosus from Kenya have a very close affmtiy, but the cattle, goat and 
camel forms vary fi-om each other and from the human and sheep isolates. 
Besides these differences, different strains of E. granulosus also show variation in their 
infectivity and in prepatent periods. The epidemiological and experimental evidences suggest 
that the British horse strain is not infective to human beings whereas the sheep strain is 
infective (Nelson, 1972; Thompson and Smyth, 1976; Smyth, 1977). There is also an evidence 
to suggest that E. granulosus of camel origin is infective to human in Iran (Nasseh and 
Khadivi, 1975) but not in Somalia (Macchioni, 1985). The high prevalence rate of hydatidosis 
in Turkana may be due to relatively high infectivity of the local strains to man (Schwabe, 
1969; Macpherson, 1983). Thus the different strains show variations in the local pattern of 
transmission and infectivity. 
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The prepatent period is an important factor, which has been reported to vary from 
strain to strain. Earlier it was thought tliat the prepatent period of E. granulosus in dogs was 
between 40-48 days (Gemmell. 1962; Smyth ct a}., 1967). But later studies on in vivo de-
velopment of E. granulosus showed variation in prepatent period (Smyth, 1987; Thompson 
and Lymbery, 1988). Thompson _et al., (1984) have reported 35 days prepatent period of 
E. granulosus of Swiss cattle origin. Eckert et al., (1989) have observed that protoscoleces 
of camel origin takes 41 days to produce eggs. In Australia, isolates of £. granulosus from 
different areas have been reported to have different prepatent periods. The parasite of Tasmanian 
sheep origin produced eggs seven days earlier than those of eastern Australia (Kumaratilake 
and Thompson, 1983). In Russia, Zhuruvets (1982) has reported that the maturation of 
E. granulosus in dogs was longer in summer ( 39-54 days) than in winters (39-49 days). From 
India, Gill and Rao (1967) and Pandey (1972) have reported 57-59 and 60-69 days prepatent 
periods for buffalo and goat isolates respectively. McManus and Smyth (1986) have compre-
hensively reviewed the changing concept in epidemiology and speciation problem related to 
E. granulosus and pointed out that in USSR, the prepatent period is also influenced by seasonal 
changes. 
Besides the epidemiological and infectivity patterns, geographical localization and 
prepatent period, differences have also been observed in the developmental biology of dif-
ferent strains of E. granulosus particularly in the growth, segmentation and organogenesis. 
As Thompson (1977a) reported statistically insignificant differences and log linear increase 
in length, apart form individual discrepancies due to individual host variation, throughout the 
35 days in vivo development of horse and sheep strain of E. granulosus. However marked 
variation was observed in the segmentation process as sheep isolates attain the recognized 
stages of segmentation before horse origin. In another study Irshadullah and Nizami (1992) 
reported differences in the linear increase in size, degree of complete evagination and 
disappearence of calcareous corpuscles in lung and liver isolates. The first banding appeared 
on 16 days post infecion in both the isolates. The actual differences in segmentation and 
maturation occurs between 20-42 days of post infection. The lung isolate worms possess fully 
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developed reproductive organs wliereas in the same period liver isolates showed underdevel-
oped reproductive organs. Further, lung origin worms became gravid on 40th day while 
liver isolates required 42 days to become gravid. In addition to this, such habitat associated 
differences have also been observed when the biochemical and antigenic studies are carried 
out on the SPM of the protoscoleces isolated from pulmonary and hepatic cysts of buffalo. 
Ali and Nizami (1995) found that among the various lipid components cholesterol, phospho-
lipids and triglycerides were higher in the membranes of liver isolates whereas free fatty acids 
was found higher in membrane of lung isolate. Further among the phospholipid fractions, 
phosphatidyl choline, lysophosphatidyl choline, phosphatidyl ethanolamine and lysophosphatidyl 
ethanolamine were higher in membranes of lung isolate. Besides this, protein profile of surface 
plasma membranes of the two isolates revealed some characteristic differences. Further, dif-
ferences in the antigenic polypeptides of both the isolates were also identified by different 
post infection sera, indicating antigenic heterogeneity within the two isolates (Ali et al., 1996). 
Similarly Ahmad (1992) reported differences in antigenicity of the lung and liver isolates 
using partially purified soluble antigen by dot blott technique. These intra-specific differences 
were attributed to be either due to different strains or due to the influence of the habitat. 
Earlier studies on the developmental biology and morphogensis have revealed that 
E. granulosus involve germinal and somatic differentiation, which include growth, segmen-
tation organogenesis and maturation. The germinal differentiation involves mainly proglotization 
resulting into sequential formation of new reproductive.units (proglottids) and its maturation. 
Whereas somatic differentiation leads to elongation and delineation of each proglottid by 
segmentation. The delineation of proglottid is truely an extemal phenomena caused by enfolding 
tegument which provides a characteristic constricted appearance (Mehlhora, et al., 1981). 
Besides this, in vitro culture studies carried out by many workers (Smyth, 1971; Smyth and 
Davies, 1974b and Smyth and Barrett, 1979) have shown that maturation mechanism involves 
changes in the biochemical picture of vitelline glands, mehlis gland and uterine region and 
finally the egg formation involves changes in the utilization of basic proteins, phenols and 
phenol oxidases. This pioneering discovery opens new vistas for developmental biochemistr>'. 
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Furthermore, as pointed out earlier that developmental biology of the parasites involves an 
activation of a set of genes, whose products help in the formation of new organs and matu-
ration mechanisms and help in the adjustment of the parasite in the definitive host by 
estabilishing a delicate host-parasite relationship. Therefore analysis of gene products may 
also provide new information on these aspects. 
II. Isozymes and Gene Products: 
During the development of a parasite, some metabolic pathways are lost, new ones 
appear and enzymes are replaced by isozymes adapted to the different environmental conditions 
(Barrett, 1981). At present, we have no evidence that these processes are under genetic and/ 
or environmental control. Enzymes for the parasitic phase may be present in the infective 
stages and activated during the infection process. Activation of pathways may involve the 
synthesis of one or a few key enzymes. 
The review of literature on the occurrence of various enzymes in E. granulosus reveal 
that most studies are carried out on protoscoleces. Agosin et al., (1957) found that protoscoleces 
have aerobic and anaerobic components of respiration. At least 4 hexokinases are present and 
modulated by adenine nucleotides. Many other enzj'mes of glycolysis as well as myokinase, 
mannose isomerase and phosphatases were detected. Pentosephosphate pathway enzyme activi-
ties suggest that the pathway may operate in vivo (Agosin and Aravena, 1959, 1960 a, b). The 
aerobic respiration is cyanide and fluroacetate sensitive implying the involvement of cytochromes. 
Further, occurrence of malonate insensitive SDH suggest that probably TCA cycle is incomplete. 
Contrary to this, many TCA cycle intermediates are oxidized in the intact scoleces (Agosin 
and Repetto, 1963). However malate synthetase and isocitrate lyase were not detected. GLDH 
and transaminases are reported. On the other hand very limited information is available on adult 
parasite. Bryant and Morseth (1968) demonstrated that fumarate is rapidly taken up by 33 days 
old worms and converted to succinate and malate. Further it is suggested that usual glycolytic 
sequence upto the level of phosphoenolpyruvate (PEP) may be operative. Several other options 
suggested for further metabolism of PEP leading to the formation of pyruvate/lactate/acetyl Co-
A via incomplete TCA cycle or conversion to oxaloacetate malate/fiimarate and succinate. 
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The foregoing reports are not sufficient to reach any conclusion about the shift of the 
metabolism during development. However the findings of McManus and Smyth (1982) provide 
informations about the regulation of respiratory pathway. They investigated activities of gly-
colytic and associated enzymes and concentration of their substrates in protoscoleces of two 
strains of E. granulosus and in E. multilocularis. Assay of the enzymes of glycolytic pathway 
and by comparing their observed mass action ratios with their theoritical equilibrium con-
stants suggest that phosphorylase, hexokinase, phosphofructokinase and pyruvatekinase serve 
as regulators of carbon flow in glycolysis. However, the nature and type of enzyme modulators 
show differences in different strains (Bryant, 1972, 1975; Agosin and Repetto, 1965). The 
precise role of TCA cycle is difficult to assess in helminths. However McManus and Smyth 
(1978) showed marked differences in oxygen uptake between sheep and horse strain of £. 
granulosus. Further, these strains also show differences in nutritional and physiological re-
quirements (Smyth and Davies, 1974a). 
The occurrence of different strains of E. granulosus is fiirther substantiated by the 
isozyme profile. McManus and Smyth (1979) investigated isozyme pattern for 10 enzymes (acid 
phosphatase, lactate dehydrogenase, malate dehydrogenase, malic enzymes, glocosephosphoiso-
merase, isocitrate dehydrogenase, adenylate kinase, aldolase and a-glycerophosphate dehydro-
genase) by isoelectric focussing on polyacrylamide gels. Interspecific and intraspecific dif-
ferences were observed in all the enzymes except adenylate kinase in horse and sheep strain. 
Similarly Macpherson and McManus (1982) examined the isozyme profile of glucosephosphate 
isomerase and phosphoglucomutase of the protoscoleces isolated from human, camel, cattle, 
sheep and goat hydatid cysts and observed some differences and pointed out that cyst location 
had no effect on the zymograms obtained. Le Riche and Sewell (1978) showed that GPI 
isoenzyme profile of sheep and cattle were similar but differ from Nigerian camels. 
In another study Lymbery and Thompson (1988) have examined allozyme variation in 
26 isolates of Australia £ind 13 isolates of Teismania sheep strain and compared with British horse 
strain. They observed that 15 enzymes encoded by 20 presumptive loci. Differences in expres-
sion of enzymes were found between adult worms, protoscoleces, and fluid and germinal layer 
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of hydatid cyst. 
Tlic foregoing review of literature on enzyme composition of E. firamtlosus reveals 
that strain related diferences exist, as for example Lymbery and Thompson (1988) reported 
L-Ieucyl-glycyl-glycine peptidase, which has not been reported previously but unable to detect 
acid phosphatse, a-glycerophosphate dehydrogenase, lactate dehydrogenase and leucine amin-
opepiidase, which have been reported by McManus and Smyth (1979) and McManus and 
Barrett (1985). Further the expression or activity level of many of the enzymes varied with 
developmental stage. As Lymbery and Thompson (1988) observed 20 loci strongly expressed 
in adults but only 14 were detected in protoscoleces. This clearly suggests that in this parasite 
the biochemical changes during development are associated by the gene expression. A number 
of biochemical genetic studies have revealed high level of polymorphism and heterozygosity 
in natural populations of endoparasitic helminths (see ref. in Nadler, 1987). Hence parasitic 
helminths appear just as genetically variable as free living invertebrate. But this is not consistent 
with the idea that the internal environment of the host represents a stable and homogenous 
habitat which selects for parasite homozygosity. However, whatever genetic variability has 
been assigned for the parasite is derived from isozyme study and polypeptide profile. 
The available literature concerning precise nature of protein profile of E. granulosus 
is very limited and restricted to cystic stage and almost nothing is known about the adult. 
The complexity of the proteins of E. granulosus has been appreciated only since immuno-
logical methods, isoelectric focusing (lEF), PAGE and SDS-PAGE have been introduced. The 
protein composition of an organism reflects its genetic constitution, separation of proteins 
by electrophoresis has proved to be valuable taxonomic tool in the study of different parasite. 
This approach for the identification of organism found its way three decades ago when Sibley 
(1960) emphasized the application of electrophoresis as an analytical tool for solving the 
taxonomic problems. Since then, the electrophoretic separation of soluble proteins has been 
increasingly used in taxonomic studies of helminths (Bylund and Djupsund, 1977; Le Riche 
and Sewell 1978; Bullini, 1984; Bryant and Flockhart, 1986). Polyacrylamide has been widely 
used as a supporting medium for the electrophoretic separation of proteins for the convenience 
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in handling and better resolution. During the last three decades most studies are carried out 
on the hydatid fluid or cystic material while demonstrating mostly the antigenic components 
(see literature McManus and Br>'ant. 1986). In the germinal layer and protoscoleces 15 and 
19 protein fractions respectively were identified by PAGE. Kumaratilake and Thompson 
(1979) compared the protein profile of horse and sheep strain by lEF and observed that 56 
and 63 protein components were resolved in pi range of 5 to 7.3. This study clearly revealed 
the significant differences between protein profiles of the two strains. Kumaratilake et al., 
(1979) have also reported differences in the genetic constitution of E. granulosus and E. 
muUilocularis as reflected by protein profile. Major differences were observed in the pH range 
4-6.5. In another study Kumaratilake and Thompson (1984b) examined the different isolates 
of E. granulosus from domestic and wild animals of different geographical areas of Australia 
by isoelectric focusing of soluble proteins and confirmed the three existing strains of E. 
granulosus. Attempt has also been made to differentiate buffalo and sheep strains by using 
hydatid fluid through protein electrophoresis by Singh et al., (1992). 
Helminths are eukaryotic organisms consisting of thousands of gene products which 
show a high degree of turnover during the development, interacting within the parasite and 
with the host at the host-parasite interface consisting of surface plasma membranes of the 
parasite. The surface plasma membrane is a dynamic component of the parasite and plays 
a vital role in defence against host immune system and proteolytic enzymes. It is also involved 
in excretion, secretion, homeostasis etc. Due to its vital importance the surface plasma membranes 
have attracted the attention of many parasitologists. Consequently various techniques have 
been successfully applied for the isolation of surface plasma membranes, in order to study 
its role in host-parasite relationship. 
In a number of other studies, attempt has also been made to localize the gene products 
in the sub-cellular fi-action. The only other report which is available on this aspect is of McManus 
and Barrett (1985). These authors have standardized the method of isolation of surface plasma 
membranes or microthrix enriched fraction of the protoscoleces of horse strains by Triton X-
100 and atleast 50 polypeptides ranging fi-om Mr < 14000 to > 200,000 daltons were iden-
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tified. They obscn'cd that the protein profile for microlhrix enriched fraction was less complex 
than that of the total worm homogenate. With tiie help of PAS staining, two bands repre-
senting glycoproteins of 110 Kd and > 200 Kd were also observed in the isolated brush 
border. Besides this study, Siddiqui and Podesta (1985b) have investigated the developmental 
regulation of protein s>nthesis in H. diminuta particularly the polypeptide profile of brush 
border fractions by using electrophoretic and fluorographic techniques, and. observed distinct 
qualitative and quantitative differences in the brush border fractions and carcasses of scolex/ 
neck region, male and female proglottids of the womi. They found that the brush border 
polypeptides have acidic pi and their molecular weights were detected in the range of 20 to 
112 Kd. Approximately 23-24 newly synthesized peptides were recorded in the fraction of 
the three regions with apparent differences in PAS positive polypeptides. In recent years 
developmental biologists have devised the technical means of approaching questions that concem 
the factors controlling the gene expression during differentiation at the level of transcription, 
translation and post-transcriptional modification of gene product. However such studies have 
not been carried out in cestodes and hence our knowledge is still in infancy. As most assess-
ments of proteins associated with cestodes (Knowles and Oaks, 1979; Pappas, 1983) have not 
been attempted to establish whether the proteins being studied were of host origin or parasite 
origin. This is particularly true of brush border proteins as emphasized by Atkinson and 
Podesta (1982) who reported surface polypeptides by fluorographic techniques. 
Although attempt has also been made to localize the polypeptides associated with the 
development of specific region of the worm into different subcellular compartments (Siddiqui 
and Podesta, 1985b) but the functional aspects and their exact regulatory mechanism is still 
unknown. Therefore, future studies are required on the identification of polypeptides of dif-
ferent developmental stages, because this will help in the understanding of the sexual and 
tissue differentiation and also to elucidate the factors controlling the expression of genes. 
In many other helminths, the protein polymorphism is more pronovmced particularly 
in the surface plasma membranes. Juvemle F. hepatica possess 78, 45.5, 30, 26, 13.5, 13 and 
10 Kd gene products, however in one week old stage 13, 26, and 30 Kd and in two week old 
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stage 78 Kd gene products disappeared respectively (1-aiiinias ct a]., 1985). The radiolabelling 
technique is also used in many nematodes of clincal and veterinary importance (see ref. Philipp 
and Rumjaneck, 1984). These authors have reported about 27 polypeptides of Mr 14-180 Kd 
in adult and larval schistosoma surface membranes by using different radiolabelling tech-
niques of which many of them possess antigenic properties, although marked differences were 
observed in larval and adult worms indicating a definite polymorphism in polypeptides and 
antigenic profile. Further McManus and Barrett (1985) detected two major PAS postive polypep-
tides representing glycoproteins of 110 Kd and >200 Kd in the isolated plasma membranes 
of horse origin protoscoleces and suggested that it may be of glycocalyx origin and it is likely 
that they act as a protective covering (Sakamoto and Sugimura, 1969). In addition to this, an 
interesting polypeptide probably a lipoprotein with relatively large amount of cystein has 
a 
been demonstrated histochemically in rostellar secretion ofE. granulosus (Smyth, 19641 Smyth 
et al., 1969; Thompson et al., 1979) and various functions have been assigned like in nutrition, 
adhesion, mitochondrial biogenesis, maturation and protection from host immunointeractions. 
Such chemical secretion could be fascinating aspect of host-parasite relationship. 
Knowles and Oaks (1979) detected 10 glycopeptides along with other CBB R 250 
stained polypeptides in membrane fraction of H. diminuta. Pappas (1983) observed 30 
polypeptides in the brush border of H. diminuta by SDS PAGE in the range of < 14 kDa 
to 300 kDa. While Atkinson and Podesta (1982) detected 17 major polypeptides in the range 
of < 100 kDa in bursh border fraction of H. diminuta. In another study Friedman et al., (1980) 
demonstrated 20 polypeptides in membrane isolates of Spirometra mansonoides spargana. 
Similarly Mills et al., (1984) observed 33 polypeptides in the tegumental surface of T. 
taeniaeformis larvae, and the molecular weight of these polypeptides were reported in the 
range of 9 kDa to 276 kDa. 
Philipp et al., (1980) observed that protein molecules of cuticle of Trichinella spiralis 
change qualitatively following the mouUing and quantitatively during the growth of the worm 
within one stage. Further, surface proteins are also released under in vitro conditions and the 
releasing rate depends upon the condition of culture of the worms. It was observed that the 
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polypeptides of surface plasma membranes of mature 5. mansoni, range from 12-111 kDa 
and all the major surface components were glycosylated (Cordciro and Gazzinelli, 1979). In 
addition, Simpson et al., (1981) detected 6 major surface polypeptides, (135, 110, 90, 65, 47 
and 40 kDa) in the outer teguments of 5. mansoni. Moreover glycopeptides having Mr 135, 
120, 65 and 63 kDa were also identified. Similarly Levi-Schaffer et al., (1984) identified 3 
major polypeptides ( Mr 69, 45 and 12 kDa) alongwith other polypeptides. Further Roberts 
et al., (1988) analysed the polypeptide profile and glycoproteins of surface plasma membrane 
of 5. mansoni. These authors identified 15 major polypeptides in the range of 11 to 175 kDa 
by silver staining techniques. When the tegumental membrane of S. mansoni was isolated by 
incubation, followed by sucrose gradient centrifugation, 4 major fractions were obtained. It 
was observed that membrane fractions obtained at low speed centrifugation was highly enriched 
in vesicles of parasite's outer membrane. It consisted of 6 major polypeptides having Mr 
135, 110, 90, 65, 47 and 40 kDa). 
Further Lammas et al., (1985) observed major changes in surface protein profile of 
different developmental stages of F. hepatica. In newly excysted juvenile, 7 major polypep-
tides (78, 45.5, 30, 26, 13.5, 13 and 10.5 kDa) were observed. However after 7 days, 13 kDa 
polypeptide disappeared and at 14 days stage 78, 30 and 26 kDa polypeptides disappeared, these 
variations in polypeptides were correlated with the distribution of T ,^ T, and T^  secretory bodies 
of tegumental syncitium. Recently in another study 33 and 34 distinct polypeptides have been 
demonstrated by SDS-PAGE in surface plasma membranes of G. crumenifer and E. explanatum 
respectively (Khan, 1991). 
The foregoing review of literature clearly reveal that the polypeptide profile of different 
parasites show considerable variation depending on a number of factors like species and/or strain 
dependent variations, stage of development and also the method of plasma membrane isolation 
and the staining procedure adapted. 
The fractionation of cell into different compartments particularly in metazoan parasites 
is still a problem as the purity of the fraction directly depends on the method of isolation, 
centrifiigation, disruption, and reconstitution of the membranes. Studies on the fractionation of 
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the helminth parasites have been reveiwed in the subsequent section. 
III. Isolation of surface plasma membranes: 
A number of techniques have been developed for the isolation of surface plasma 
membranes like solubilization with the detergents and their reconstitution, freezing/thawing 
and osmotic and ionic shock by different buffers and salines. Detergents are amphiphilic 
compounds which have unique properties to disrupt the biological membrane by dissolving 
its lipid bilayers. The properties and functions of various detergents have been reviewed by 
a number of workers (Helinius and Simpson 1975; Stekhoven and Bonting, 1981 and Hokin, 
1981). Among the various detergents, Triton X 100, saponin and digitonin have been used 
for helminth parasites. 
Ilia. Triton X-100: It has been frequently used for the isolation of surface plasma membrane 
of hehninths. Knowles and Oaks (1979) have used Triton X-100 along with different solutions 
of varying osmolarities and checked the purity of membrane preparation by assay of mem-
brane bound enzymes and electron microscopy. Triton X-100 treatment followed by osmotic 
disruption, revealed that the enzyme activity remained intact without any apparent loss of 
membrane proteins, particularly in the membranes of H. diminuta, H. microstoma and S. 
mansonoides (Knowles and Oaks, 1979; Pappas and Narcisi, 1982; Friedman et 2\., 1980; 1981). 
Similarly Pappas (1981) isolated the surface plasma membranes of iS. mansoni with Triton 
X-100 and characterized them by transmission electron microscopy. Pappas (1983) has com-
prehensively reviewed the isolation and characterization of surface plasma membranes of H. 
diminuta. In another study tegumental membranes were isolated b}' Triton X-100 and the purity 
of membrane preparation was checked by electron microscopy (Oaks et al., 1981). Further 
Roberts et al., (1983) have used various techniques like detergent treatment, freezing/thawing 
and incubation in buffer, for the isolation of surface plasma membranes of adult 5. mansoni 
and the purity of the preparation was evaluated by the marker enzymes and electron mi-
croscopy. It was observed that among various marker enzymes, alkaline phosphatase proves 
to be the most reliable. These authors monitored the contamination by marker enzymes like 
cytochrome oxidase for mitochondrial and lactate dehydrogenase for cytoplasmic contamina-
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lion respectively. Moreover Roberts et al., (1987; 1988) have also isolated the surface plasma 
membrane of S. mansoni various techniques and the mcbrancs were analysed for biochemical 
composition and antigenicity. In addition to this, McManus and Barrett (1985) isolated the 
surface plasma membranes of horse origin protoscoleces of E. f^ranulosus, using Triton X-
100. The membrane enriched pellets were characterized by membrane marker enzymes and 
transmission electron microscopy. On comparing the membrane preparation of different 
detergent by enzymology and electronmicroscopy, it has been observed that Triton X-100 
gives better results as compared to saponin (Oaks et al., 1977; Rahman et al., 1981a). In a 
similar study Pappas (1982) observed that among the various non ionic detergents, only Triton 
X-100 was found an effective solubilizing agents. 
Illb. Saponin: A non ionic detergent, has also been used for the isolation of surface plasma 
membranes. Kusel (1972) isolated the surface plasma membranes of S. mansoni with 0.5% 
saponin in 3% calcium chloride and observed that saponin causes considerable membrane 
fragmentation within and below the muscle layers, however the basement membrane of the 
parasite remain intact. The membrane yield was comparable with the membranes isolated by 
freezing/thawing techniques. Further the membranes of both the isolates show similarities in 
configuration at ultrastructural levels. The purity was monitored by radioiodination, trans-
mission electron microscopy etc. In addition to this surface plasma membranes of S. mansoni 
have been isolated by different workers using 0.5% saponin (Cordeiro and Gazzinelli, 1979; 
Podesta and McDiarmid, 1982). The membrane preparations were characterized by estimating 
membrane marker enzymes. Similarly Noel and Soares De Mowa (1986) have isolated the 
surface plasma membranes of S. mansoni by saponin using two differential centrifugation 
protocol. In first protocol, following the detergent treatment the tegumental material was 
sequentially centrifiiged at 1,000; 10,000; 30,000 and 1,00,000 x g for variable durations and 
four pellets referred as T,, T ,^ T3 and T^  were obtained respectively. While in second protocol 
tegumental material was initially centrifiiged at 100 x g and then supernatant was recentri-
fiiged at 10,000 x g for 30 min. and pellet obtained was referred as T .^ These authors conclude 
that T^ fraction is approximately equal to the sum of T, and T^  fractions. Furthermore saponin 
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has also been used for the isolation of surface plasma membranes cif amphistomes {Gastrothylax 
crumenifer and Explanatum c.xphwalum). The enrichment of the membrane was monitored 
by marker enzymes and electron microscopy while the contamination was checked by cy-
tosolic and mitochondrial marker enzymes. It was observed that saponin gives appreciable 
yield of membrane with least contamination (Khan, 1991). Further, saponin has also been used 
for the isolation of surface plasma membrane of cestode parasite (Oaks et a]., 1977; Cain et 
al. 1977; Rahman et d., 1981 a; b; McManus and Barrett, 1985; Podesta et al., 1986). These 
authors (loc cit) have used saponin in different concentrations and treatment periods. The 
enrichment of membrane preparations were monitored by membrane marker enzymes like 
acid and alkaline phosphatase, ATPase, Uncase, Thymin pyrophosphate, glucosidase and 5' 
nucleotidase. While the contamination was monitored by succinic dehydrogenase, lactate 
dehydrogenase and DNA for mitochondrial, cytosolic and nuclear contamination respectively. 
IIIc. Digitonin: Digitonin has been used for the isolation of surface plasma membranes of 
trematodes. McDiarmid et a}., (1983) isolated the outer and inner bilayers of apical membrane 
of S. mansoni with digitonin. Purity of membrane pellet was monitored by marker enzymes 
and transmission electron microscopy, while the cytosolic contamination in the membranes 
was monitored by lactate dehydrogenase. 
Illd. Buffer/Saline: Besides the detergents, surface plasma membranes have also been iso-
lated by incubating the parasite in buffer and salines. Simpson et al., (1981) and Cesari et 
al., (1981) have isolated the surface plasma membranes of S. mansoni by incubating the 
parasite in phosphate buffered saline. About 37% of I'^' labelled wheat germ agglutinin 
(WGA) attached to the schistosome surface was released within 5 min of incubation at 37°C. 
The supernatant containing tegumental materials was centrifiiged at 55,000 x g and the pellet 
was further subjected to sucrose gradient centrifugation. It was observed that membrane 
preparation contained appreciable quantities of membrane enzymes. Subsequently it was 
concluded that 5' AMP is a good marker for tegumental outer membrane. The membrane 
glycoproteins were characterized by (I'") labelling and Con-A binding. In addition Roberts 
et al., (1983), Kusel et al., (1984), Taylor and Wells (1984), McManus and Barrett (1985) have 
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also used buffer and saline medium of different osmolaritics for the isolation of surface 
plasma membrane of different parasite. More recently Siddiqui ct al., (1990) isolated highly 
enriched plasma membrane fraction of T. hruci by free flow electrophoresis. The purity of 
isolated membrane was monitored by marker enzyme assays and by electron microscopy. 
The foregoing literature on isolation of membranes revealed that purity of membrane 
preparation was monitored mostly by membrane marker enzymes like ATPase, 5' nucleoti-
dase, and alkaline phosphatase and also by analysis of biochemical composition. The contami-
nation in the membrane preparations was monitored by contamination marker enzymes and 
uUrastructural studies. 
Though the surface plasma membrane of parasites has acquired special attention, 
emphasis has also been given to the study of sub-cellular constituents in order to ascertain 
the origin and functional role of putative regulatory developmental polypeptides and antigens. 
IV. Sub-cellular fractionation: 
The first critical step in sub-cellular fractionation is the homogenization of tissues, 
which requires minimal physical, functional and structural damage and maximum disruption 
of cells into its sub-cellular compartments. The more critical approach of the methods are 
reviewed by Beaufa}' and Amar-Costesec (1976); DeDuve and Beaufay, (1981); and Mircheff, 
(1983). The technique also requires the suitable method of cell disruption and appropriate 
suspension media in order to prevent the osmotic lysis. Preservation of enzymatic activity, 
biochemical function and inhibition of sub-cellular agglutination, leakage of soluble compo-
nents across the organelle's membrane adsorption of constituents on organelles and inter-
ference of suspension media in subsequent biochemical studies are other major considerations. 
Keeping these points in mind, sucrose has been used frequently as suspension media, wdth 
varying osmotic strengths depending on the type of tissues. In addition to this, different 
buffer s have also been tested to maintain the pH of suspension media near physiological 
levels. The Imidazol-HCl and Tris-HCl buffers have been used for some helminths (Podesta 
et al., 1986). Once the cells are disrupted, a number of physical techniquues like electrophore-
sis, partitioning in aqueous two-phase systems, gel filtration and differential centrifugation 
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have been used to separate the sub-cellular compartments. But differential centrifugation has 
several advantages over other methods. 
Different techniques have been used for assessing the purity of sub-cellular fractions. 
One of them is based on examination of morphological entity by electron microscopy. Although 
it has been used to quantitatively assess the purity of morphologically unique sub-cellular 
components of the fractions but the limitations of this technique can not be overlooked. The 
rare sub-cellular constituents may easily escape detection by electron microscopy, though they 
confer their unique biochemical properties on the fractions Moreover the disrupted intra-
cellular membranes and plasma membranes are difficult to distinguish. Therefore to overcome 
this problem, analytical isolation followed by estimation of specific marker enzymes have 
been widely and successfully applied (Siddiqui and Podesta, 1985a; Podestaet al., 1986). This 
provides quantitative informations about the yield, enrichment of the fi-actions and its 
contamination with other cellular components. However, it has been emphasized that speci-
ficity of enzymes marker should be critically examined. 
Further Mircheff (1983) suggested that empirical approach to sub-cellular fractionation 
be based on preparative and analytical solutions alongwith other physical properties of the fractions 
like sedimentation, density, cholestrol content, surface charges and partitioning. Podesta et al., 
(1986) used the sucrose in HEPES-NaOH buffer pH, 6.9 as a medium for disruption of H. 
diminuta tissues. These authors isolated the different sub-cellular compartments by differ-
ential centrifiigation. The purity of different sub-cellular fractions were assessed by estimation 
of specific marker enzymes. 
V. Antigen identification and immunobiology: 
Analysis of host immune response against the parasite has relevance in diagnosis, pro-
tection and in the understanding of the immunobiology of parasitic infection. Parasite compo-
nents which bring about immunological response in the host are generally divided into two 
groups, namely somatic and excretory/sectretory (E/S) antigens. In recent years the various 
immunological aspects of E. granulosus have been comprehensively reviewed by Rickard and 
Williams (1982), Heath, (1986), Rickard and Lightowlers (1986), Schantz and Gottstein (1986). 
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A number of reports are also available on hydatid anligcns having potential in diagnosis/ 
immunoprotection of cystic and intestinal Echinococcosis. 
The characterization of antigenic components of cyst fluid have been largely achieved 
through the application of conventional techniques like gel diffusion and Immunoelectrophoresis 
(lEP) using sera either from infected or immunized animals. Several specific antigens have been 
described from hydatid fluid (Kagan and Norman 1961; Norman et al., 1964; Chordi and 
Kagan 1965; Vareia-Diaz et al., 1974). Four antigens showmg variable nature have been 
detected from cysts fluid of E. granulosus and E. multiloculahs (Kagan and Norman, 1961). 
Some of these antigenic component were also detected with the sera of human hydatid patients 
using Ouchterlony (Kagan and Norman 1963). The most frequently observed band, designated 
as P,, was detected with nine out of 10 diagnostic sera, subsequently P, band was partially 
purified using DEAE cellulose for further studies. Later a more sensitive Immunoelectro-
phoresis technique was applied for the analysis of Echinococcus antigens. Chordi and Kagan 
(1965) detected two precipitin lines, namely band 4 and band 5 with diagnostic sera of human 
patient. The band 4 was observed with all diagnostic sera and it was suggested to be the same 
antigen component as recognized in the P, band by ouchterlony. Capron et al., (1967; 1970), 
used another nomenclature for the precipitine line observed in lEP with hydatid antigen £md 
sera from hydatid patients. They identified a precipitine line and designated as arc 5, which 
was found to be specific for E. granulosus and it did not react either with the sera of patient 
infected with parasite of different species or with E. multilocularis. 
Moreover, Oriol et al., (1971) partially purified the antigen from cyst fluid for the 
serological study, and identified two dominant parasite antigens (Antigen A and Antigen B), 
however no correlation were made with previously identified antigens. Antigen B was reported 
to be a 160 kDa thermostable lipoprotein, which resisted boiling for 15 min without loss of 
antigenicity, whereas antigen A was reported to be heat labile lipoprotein. Oriol and Oriol 
(1975) estimated the molecular weight of antigen B to be 120 kD by sedimentation equilibrium. 
Further Williams et al., (1971) evaluated the immunodiagnostic potential of antigen A and 
antigen B. These authors observed that antigens A & B did not cross react with sera of the 
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patient infected with other parasite indicating high degree of specificity to Echinococcus. 
Similarly, Pozzuoli ct a]., (1972) demonstrated two major antigens by chromatographically 
fractionated hydatid cyst fluid, these two antigens were later reported to be the same as that 
identified by Chordi and Kagan (1965) as antigen 4 and antigen 5. The chromatographic 
behaviour of these two antigens were identical to that reported for antigen A and antigen B 
(Oriol et al., 1971). Antigen 4 was reported to be a heat labile protein with apparent molecular 
weight of 400 kDa, analysis of purified antigens in sodium dodecyl sulphate polyacrylamide 
gel electrophoresis, showed that it has a molecular weight of 67 kDa, under reducing condition 
it dissociated into two components of 47 and 20 kDa. While antigen 5 is a heat stable protein 
with apparent molecular weight of 150 kDa, under reducing condition it dissociated into three 
components between 20 and 10.5 kDa. Moreover, Bout et al., (1974) prepared mono specific 
antisera to fraction 5 of Capron et al., (1967) and used for the affinity purification of hydatid 
fluid. Fraction 5 appeared in the high molecular weight materials excluded from the gel as 
well as in peak corresponding to the elution of albumin. On the latter basis Mr of fraction 
5 was estimated to be 60 kDa protein component and the high molecular weight material 
was suggested to be a polymer or antigen antibody complex. Further Tassi et al., (1980, 1981) 
fractionated the cyst fluid by salt precipitation and density sedmintation for immunodiagnosis 
of cystic infection. These authors observed that fraction designated as "band 7" showed high 
sensitivity and specificity for immunodiagnosis of cystic Echinococcosis. 
In order to ascertain the origin of cormnonly used antigens (antigen 5 and antigen B), 
cyst membranes and protoseoleces have been investigated using indirect immunofluoroscence 
technique (Yarzabal et al., 1976, 1977) and by light & electron microscopy (Rickard et al., 
1977 ; Davies et al., 1978). Antigen 5 was detected in the germinal layer, wall of brood capsule 
and parenchyma of the protoseoleces. Whereas antigen B was detected in tegumental cells of 
protoseoleces and throughout the laminated lajer. It seems that these antigens are synthesised 
in germinal membrane and protoseoleces and subsequently secreted in the cyst fluid. More 
recently Gasser et al.. (1992) used E/S antigen for immunodiagnosis of hydatidosis. Westem 
blot analysis of E/S antigen using sera firom infected dogs, revealed antigenic components of 
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Mr >94, 94-68 and 43-39 kDa, specific to E }iianulosus and these were not identified in 
protoscolex somatic antigens. 
During the last decade a number of studies dealing with somatic antigen of the Echi-
nococcus have been reported. Gottstein (1985) isolated a polypeptide (Em 2a) from the 
metacestode of E. multilocularis by affinity chromatography. The antigen Em2a has apparent 
Mr 54 kDa and the isoelectric point was found to be 4.8. The antigenicity was investigated 
by immunoblotting which showed high sensitivity and specificity for homologous sera, 
moreover it did not react with sera from patients infected with heterologous helminths. 
Further a ntimber of clones have been developed by recombinant DNA technique using mRNA 
of Echinococcus metacestode. Vogel et al., (1988) constructed cDNA library using mRNA 
of E. multilocularis, and the recombinant protein of 11 positive phages were evaluated for 
immunodiagnostic potential. It was reported that one isolated clone II/3 rapidly degraded into 
two distinct polypeptides having Mr 31 and 33 kDa. Both the polypeptides showed strong 
antigenicity, and a diagnostic sensitivity of 98% and an overall specificity of 96% were 
observed. Moreover, Muller et al., (1989), cloned a polypeptide "antigen II/3-10" from E. 
multilocularis and reported high diagnostic sensitivity of 90% and overall specificity of 99% 
suggesting the suitability of antigen for immunodiagnosis of cystic echinococcosis. Similarly 
Gasser et al., (1990) constructed cDNA library using the protoscoleces of E. granulosus. Nine 
definitive clones were reported, of which CI OP, showed 100% specificity in ELISA for 
immunodiagnosis of intestinal Echinococcosis, however they suggested that its sensitivity needs 
further improvement. Hemming and McManus (1991) reported a diagnostic antigen "EM4" 
from the cDNA library of E. multilocularis protoscoleces. The molecular weight of EM4 was 
estimated to be 66 kDa and it showed 100% specificity for cystic E. multilocularis. Further, 
Frosch et al., (1991) constructed cDNA library using mRNA of E. multilocularis and 5 
reactive clones were identified using human hydatid patient sera, all clones proved to be 
encoding the same protein. Immunoblott analysis revealed a 65 kDa antigen which showed 
42.6% amino acid homology with human microvillar cytovillin found in membranes of placenta 
and carcinoma tissues. 
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VI. Host Immune Response: 
Via. Cell mediated immune response: Modification of immune system by thymectomy, 
irradiation, passive immunization and transfer of immune cells or combination of these tech-
niques, has estabHshed that thymus and T-cells are crucial for the development of resistance 
during primary infection (Miller. 1984). Several reports are available which demonstrate that 
mast cells accumulate at the site of helminth infections (Coleman and De Salva, 1963; Siebert 
et ai., 1979; Singh and Rao 1967; Vartue, 1971; Lindsay, 1981). The various aspects of cell 
mediated damage to helminths has been comprehensively reviewedby Butterworth (1984). In 
Trichinella spiralis infection, intense mucosal mastocytosis has been reported and the degree 
of cell proliferation is detemiined by the genotypes and phenotypes of the host. Major his-
tocompatibility complex (MHC) linked gene play only a minor role in determining the degree 
of mastocytosis, whereas background gene play a major role. It is knovm that differentiation 
of bone-marrow derived precursor cells is mainly dependent upon the activities of CD"^ T-
lymphocyte, which release the mast cell growth factors particularly the lymphokine IL3 and 
IL^ (Wakelin, 1989). Accumulation of mast cells at the site of infection with larval cestodes 
has been observed. The number of mucosal type mast cells (MMC) increased around T. 
taeniaeformis larvae in rat liver, with maximum number of cells observed on 60 days post 
infection. (Lindsay, 1981). Similarly, Cook and Williams (1981) reported persistent increase 
in MMC in the intestinal mucosa for T. taeniaeformis, although the mucosa serve as transitory 
organ during the initial phase of migration of onchosphere, which ultimately develop into 
a worm at a distant site in the liver. 
Release of histamine, serotonin, bradykinin from mast cells is activated by IgE-Antigen 
interactions and the effect of these molecules on smooth muscles, mucus gland and blood vessels, 
probably play an important role in response to intestinal infections (Smyth and McManus, 1989). 
Mast cells accumulate around invading onchospheres and make it possible for IgE to react with 
antigen causing degranulation. Due to which the permeability of the tissues increases and ultimately 
IgG molecules reach to the invading site more easily. 
Further, Siebert et al., (1979) have observed that contact of larval cestodes with the 
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host cells, releases highly toxic substances and further suggested that mast cells play a vital 
role in neutralization of toxic substances. In addition to this, suppression of establishment 
and growth of protoscoleces of E. multilocularis, not only in the cotton rat having primary 
infection (Rau and Tanner, 1973) but also in the animals inmiunized with BCG (Rau and 
Tanner, 1975; Reuben ejt al., 1978) is well established. Similarly Rau and Tanner, (1976) 
reported that crude peritonial exudate cells from infected animals kill the protoscoleces under 
in vitro condition. It has also been observed that protoscolicidal effect of adherent macroph-
ages could be enhanced in the presence of specific immune serum (Baron and Tarmer, 1977). 
Further, ultrastructural studies by scanning electron microscopy has confirmed the macroph-
age nature of effector cells. It is suggested that immunity in experienced animals against 
hydatid infection may be attributed to the activated macrophages, and the effect is enhanced 
by the presence of antibodies (Baron and Tanner, 1977). Besides this Engelkirk et al., (1981) 
examined the in vitro effect of rat peritonea! cells on T. taeniaeformis larvae. They observed 
that cells adhered rapidly to the larvae, and both normal and immune serum severely damaged 
the distal tegimient of the larvae. 
Peripheral and intestinal eosinophilia is a characteristic response when mice are infected 
with parasitic helminths. Differentiation and maturation of eosinophil precursor require the presence 
of lymphokine ILj (eosinophil differentiation factor, EDF), which is released by antigen or 
mitogen stimulated Th cells. It is evident from quantitative measurement of EDF, released from 
Con-A or antigen sensitized spleen cells, that eosinophil response is a phenotype and not a 
genetically controlled operation at T-cell level (Wakelin, 1989). Eosmophils are other immu-
nocompetent cells which effectively kill the parasite under in vitro condition and are the most 
active cells in attacking the tegument, which incorporate the tegumentary cytoplasm into large 
phagosomes (Butterworth et al., 1980). Moreover, Williams and Merchant (1980) have reported 
that T. solium larvae elicit chronic granulomatous reactions, extensive eosinophil infiltration and 
degranulation around the surface of the parasite in pig muscles, but there was no evidence of 
parasite damage. Similarly when experienced bulls were reinfected with T. saginata onchosphere, 
extensive eosinophil infiltration occurred around eggs and developing cysticerci were respon-
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sible for damage to the parasite (Williams and Merchant, 1980; Siebert et al., 1981). Moreover 
it has been observed that saline extracts of T. taeniaeformis metacestodes are able to sensitize 
the equine polymorphonuclear leukocytes (Camp and Leid, 1982). Contrary to this finding, 
the young developing cysticerci of T. taeniaeformis are susceptible to killing by antibody and 
complement in the absence of effector cells (Leid, 1977; Hammerberg and Williams, 1978; 
Williams et al., 1980), and it was concluded that cells mediated killing appear to play a meager 
role in the immune rejection. Further an increase in blastogenesis of lymphoid cells by T. 
taeniformis antigens have been observed under in vitro condition (Rickard and Outteridge, 
1974). 
The innoculation of Mesocestoides corti in peritoneal cavity of mice effectively cause 
a local eosinophilia but there is no report on the sequalae of this cell infiltration (Butterworth, 
1984). Similarly Voge et al., (1979) have reported that the host peritoneal cells may be 
observed in contact with the microvilli but there was no evidence of damage for tetrathyridal 
stage. Hindsbo et al., (1982) have investigated tissue reactions in intact and T-cell depleted 
rats and observed that in H. diminuta infection decreased mast and eosinophil cell response 
in T-cell depleted animals resulted in delayed destrobilization and expulsion of the worms, 
but there was no direct evidence of interaction of two events. Devouge and Ali Khan (1983) 
observed accumulation of eosinophils, lymphocytes and monocytes in the peritoneal cavity 
of mice on 48 day of E. multilocularis infection which resulted into decreased growth rate 
of the parasite cyst. Further when protoscoleces and sensitized spleen cells were innoculated 
simultaneously into mice, it was observed that cyst could not attain its usual size (Araj et 
al., 1977). In another study, Reuben and Tanner (1983) reported that phytohaemagglutinin 
(PHA) sensitized cotton rats are resistant against infection with E. multilocularis. Moreover 
Kamiya et al., (1980) reported that in congenitally nude mice, E. multilocularis developed 
rapidly and the host tissue reaction was poor as compared to normal mice having normal 
thymus. This shows that there is a definite involvement of the T-cells in host mediated parasite 
control. Al-Khalidi (1982) reported that 30-40 days old infection of £. granulosus causes 
increased reactivity of the Concanavalin A stimulated lymphoid cells, and depressed blastogenesis 
for non stimulated lymphocytes. 
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The mystery of survival of intestinal Echinococcus spp. by suppression of specific 
cellular response is still not clear (Heath, 1986), although there are various reports are avail-
able on accumulation of lymphocytes around the invading onchospheres of H. nana in mice 
(Friedberg et al., 1979; Furukawa et al., 1981). Similary Anderson and Griffith (1979a; b) 
concluded that the immune responses to metacestodes are probably T-cell dependent. Fur-
thermore, Baron and Tanner (1976) reported that apparently T-cells are prerequisite for the 
successful containment of metastasizing protoscoleces of E. multilocularis in mice. Since 
passively transferred serum was ineffective, therefore these results support the contention that 
T-cells dependent processes are directly responsible for resistance rather than being required 
for the facilitation of antibody production. Further when peritoneal cells from rats infected 
with T. taeniaeformis (10 days post infection) were transferred to inbred recipients, they confer 
resistance to subsequent oral challenge (Kwa and Liew, 1975). In another study when intra-
peritoneally implanted strobilocerci were treated with trypsin under in vitro condition to 
remove the adherent antibody and subsequent incubation with peritoneal cells, it was found 
that the cells adhere to the trypsin treated parasite and not to the trypsin untreated one (Kwa 
and Liew, 1978). On the basis of this study, it was concluded that the adherent antibody on 
the surface of strobilicerci prevents the adherence of immune cells. 
VIb. Antibody dependent cell mediated immune response: Though the different isotype 
profile of immunoglobulins are reported for helminthic infection but IgE is predominantly 
demonstrated by many workers. Presence of IgE antibodies during the infection of T. taeniformis 
in rabbits enhance the degree of protection, leading to the death of onchospheres (Leid and 
Williams, 1974a; Musoke et al., 1978). Further Leid and Williams (1974a) suggested that IgE 
mediated degraniilation of mast cells increases the permeability which enhances the avail-
ability of complement fixing antibody at the site. On the other hand direct role of IgE and 
mast cells in preventing the establishment of cestode infection has been suggested (Musoke 
et al., 1978). These workers observed that when histamine/peritoneal exudate were injected 
into the rats intestine, an inhibitory effect on the penetration of T. taeniaeformis oncospheres 
have been observed. 
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Further, hyperimmune sera from Jirds against microfilarae and larval excretory and 
secretory antigens of 5. malayi, had a similar cytotoxic effect on infective larvae. In helminthic 
infection mast cells lead to degranulation and release various vasoactive amines (Hyde, 1990). 
These highly active molecules increase the permeability of intestinal capillaries allowing fluid 
to flush the lumen and induce violent contraction of the intestinal muscles. This synergistic 
action brings about expulsion of the majority of the worm burden. In sheep and calves, this 
phenomenon is known as "self cure" reaction. The multicellular organization of the helminth 
parasites make phagocytosis impossible, therefore involvement of antibody dependent cell 
mediated cytotoxicity (ADCC) is essential for effective killing of helminth parasites. In 
human schistosomiasis this mechanism appears to be responsible for the killing of parasites 
(Capron and Dessaint, 1985). Moreover, splenic cells from mice infected with H. nana have 
been shown to adhere with oncospheres under in vitro conditions, the reaction takes place 
only in the presence of immune serum (Furukawa, 1974). In addition Ali - Khan (1978) 
investigated that the mice with chronic alveolar Echinococcosis, exhibit depressed cell me-
diated immune response under in vitro, but the heterologous antigens elicit strong immune 
response. Similarly Isaak (1983) observed that the mesentric lymphnodes having sensitized 
immimocompetent cells, act on the scolex of the worms, resulting in their expulsion from 
the intestine. 
Vic. Humoral immune response: Literature survey reveals that informations on the canine 
serum antibody response to gastrointestinal taenid worms is scanty. Williams and Perez-Esandi 
(1971) tested the serum from Echinococcosis dog for the presence of homocytofropic skin 
sensitizing antibodies. Among the 25 echinococcus infected dogs five were tested positive 
while none of sera from 20 control dogs were positive. It was observed that specific antibodies 
were thermolabile and susceptible to 2-mercaptoethanol. In addition Movesesijan and Mladenovic 
(1971) detected hydatidosis specific serum antibody in the dogs at 14 days post infection. 
Contrary to this Al-Khalidi (1982) detected specific antibodies in the serum of dogs infected 
wdth E. granulosus after 35 days post infection. Further Herd et al., (1975) immimized the 
dogs with secretory materials derived from m vifro cultivation of E. granulosus and observed 
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significant reduction in number of proglottids and suppression of egg production. The sup-
pression of egg production was attributed to the effect of host immune system on somatic 
growth and germinal development. 
Occurrence of secretory IgA (sIgA) in cestode infections have been reported by many 
workers. Al-Khalidi (1982) reported an increased level of capro IgM and IgA in dogs infected 
with E. granulosus. But the role played by IgA remains unknown (Wakelin, 1986). Herd, 
(1977) has investigated resistance of dog to E. granulosus. He observed that certain dogs have 
natural resistance to tapeworm which is not mediated by specific antibody or sensitized lym-
phocyte. In vivo development of parasite in immunized pups show retartded growth and 
complete inhibition of egg production compared to control pups. However inhibition of egg 
production and arrested growth were not antigen specific. In another study Jenkins and Rickard 
(1986) observed antibodies against E. granulosus scolex, excretory/secretory (E/S) antigen 
and anti protoscolex antibodies up to 75 days in experimentally infected dogs, by enzyme 
linked immunosorbent assay. Antibodies to scolex E/S and protoscolex antigens were detected 
within two weeks post infection. The antibodies titer increases rapidly and remain at high 
level until the dogs were killed at 75 days PI. It was also observed that specific serum 
antibodies did not cross react with other antigens prepared from T. ovis, T. hydatigina, T. 
pisciformis, Ancylostoma caninum, Trichuris vulpis and Toxocara canis. It has been observed 
that IgA in colostrum and gut secretions passively protect mice (Lloyd and Soulsby, 1978) 
and rats (Musoke et al., 1975) against infection with T. taeniformis. Similarly Rickard and 
Arundel (1974), Llyod and Soulsby (1976) demonstrated colostrum based immunity in sheep 
and cattle respectively, but involvement of specific class of antibodies was not specified. 
Hammerberg et al., (1977) postulated that, since IgA is not absorbed by the intestine, its action 
may be directed against onchospheres in the lumen of the gut itself Further, Heath and Pavloff 
(1975) and Musoke and Williams (1975) postulated that IgA may play a vital role against 
invading onchospheres since passive transfer of immune serum does not have any effect. It 
has been investigated that during T. taeniformis infection in rats IgG2a play a major role 
whereas during its infection in mice IgGl alongwith IgG2a play a central role in immime 
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response (Leid and Williams, 1974a; Musoke and Williams, 1975; Mitchell et al.,1977a). 
Mitchell et al., (1980) suggested that variations in the resistance in different strains 
of mouse to T. taeniaeformis infection could be due to variations in the rate of antibody 
production, since host protective antibody appears very fast after primary infection. It has 
been observed that host responded independently to the different developmental stages of the 
parasite. The onchospheres elicit strong immune response and have theoretical advantages over 
metacestode antigens. Further, Craig and Rickard (1980; 1981) detected antioncospheral an-
tibodies in sheep during first week of T. hydatigena infection and antibodies titer declined 
to background level in 8-12 weeks. However antibodies against the metacestode or strobilate 
stages persisted at high level for more extended duration. Moreover onchospheral antigens 
were not species specific and cross react with other antigens. Ito and Onitake (1987) inves-
tigated the surface antigens of H. nana throughout its development. It was reported that 
infected mouse first produced antionchosphere antibodies followed by anti-cysticercoide, anti 
adult scolex and finally anti strobilar antibodies. The parasite changes its surface antigen 
throughout its differentiation and maturation and elicit different isotype antibodies profile 
(IgG, IgM and IgA). Author, (loc cit) concluded that antibodies responses were always delayed 
compared to the differentiation and maturation of the parasite, and there appeared no changes 
in surface antigens during aging even after maturation. Further, according to Musoke and 
Williams (1976) passive immunity is mainly associated with IgGl and IgM class of antibodies. 
In another study Befiis (1977) detected IgA and IgM on the surface ofH. diminuta. Similarly 
Williams and Perez-Esandi (1971) detected antibodies in dog infected with E. granulosus, 
although the class of Ig's were not specified. Humoral immune response to T. saginata and 
Cysticercous bovis infection have also been reported in human population (Machnicka-Roguska 
and Zwderz, 1970; Machnicka and Zwierz, 1974). The association between reagenic (IgE) 
antibodies and infection with helminth parasites is well established. Roberts et al., (1988) 
investigated that all mice exposed to S. mansoni have anti tegumental IgG, detected by ELISA. 
It has been foimd that the presence of serum IgG in animal infected with T. taeniformis and 
T. pisifromis enhance the degree of protection against these parasites (Leid and Williams, 1974 
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b; 1975). In another study, Yong et al., (1984) reported sequential development of antibody 
against E. granulosus oncosphere in sheep, and observed quantitative differences in antibodies 
and its specificity depending on the type of the antigen used. Further Araj et al., (1977) 
detected antibody against protoscoleces of E. granulosus in mice after 10 weeks of infection. 
Contrary to this, Torres-Rodriguez and Wisnivesky (1978) could not demonstrate a humoral 
immune response in mice infected with E. granulosus oncospheres even at 11 weeks post 
infection. Gasser et al., (1993) detected the specific antibodies isotype profile (IgG, IgA, IgE) 
in canine Echinococcosis by ELISA. Significant differences in antibodies response were not 
only noticed between experimentally and naturally infected dogs but also from different 
geographical regions. These differences were attributed to the genetic variation in canid host 
and/or antigenic variations of the parasite. These authors observed 100, 100 and 97.3% specificity 
for IgG, IgA and IgE ELISA respectively. The overall sensitivity of ELISA ranges between 
73-84% except for one geographical region. Besides this, Dessaint et al., (1975) detected 
increased levels of IgE antibody in hydatid patients, but could not observe any change in IgG, 
IgM or IgA levels. Ali-Khan and Siboo (1981) detected specific antibodies of high affinity 
like IgG2a and IgG2b and low IgM and IgGl on the surface of the cysts. During the course 
of develoment of the cyst the level of IgM and IgGl increase rapidly. Quantitative increase 
in immimoglobulins have been observed in hydatid patient particularly IgM and IgE levels 
in patients with pulmonary hydatid cyst (Matossian et al., 1976). More recently Hernandez 
and Nieto (1994) immimized the mice with surface molecules of larval E. granulosus along 
with Freund's incomplete adjuvant (PSEx-IFA) and reported significant immunoprotection 
against secondary hydatidosis. Study of PSEx-IFA immunogenicity revealed that glucocidic 
epitopes evoke mainly IgM response whereas peptidic epitopes evoke mainly IgG response, 
however both types of epitopes elicit both types of responses. Analysis of the possible 
association between susceptibility/resistance to infection and antibody responses after chal-
lenge, revealed that cyst fluid antigen's (CFAg) specific antibody after eight month post 
challenge were found related with the number and size of the cyst. However no correlation 
was reported between protection and PSEx specific IgG titer either on the day of challenge 
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or one month later. Moreover immunoblot analysis revealed that some PSEx molecules were 
recognized by 30 days post challenge sera. 
Studies on other taenid species have indicated that age, sex, strain and physiological 
state of host play a vital role in susceptibility/resistance to infection (Lightowlers, 1990). 
Further the larval and adult taenid worms are too large to be destroyed by antibodies, with 
or without complement. Both eosinophils and antibodies are also involved in inunune defence 
suggesting the possible role of ADCC, in which the worms became coated with specific 
antibody which binds to the immunocompetent cells like macrophages, neutrophils, eosi-
nophils or mast cells to destroy the parasite by secreting various toxic substances onto the 
surface (Cox, 1993). 
VId. Complements: 
It has been observed that oncospheres incubated with immune serum and complement 
under in vitro condition, became paralysed and did not excrete epidermal fluid and degen-
erated rapidly (Heath, 1973). Similarly Kassi and Tanner (1976; 1977), Herd (1977), Rickard 
et al., (1977) have demonstrated that complement in the presence of immune serum or 
complement alone can lead to the destruction of the Echinococcus spp. It has been observed 
that the complement depletion and passively immunized rats, allow the survival of T. taeniformis. 
Moreover the protective effect of IgG2a in T. taeniformis infection is a complement dependent 
(Musoke and Williams, 1975). Hammerberg et al., (1977) have detected and partially char-
acterized certain parasite derived substances which are capable of inhibiting complement 
dependent haemolysis and also deplete C^-levels and generate anaphylotoxin activity in normal 
serum under in vitro and cause a profound depression of rat serum complement under in vivo. 
Such variation in the complement level has also been noticed in dogs as a consequence of 
some other diseases (Wolfe and Halliwell, 1980). In addition Kassi and Tarmer (1977) observed 
a strong correlation between complement depletion and the rapid development of multilocular 
cyst. Rickard et al., (1977) confirmed the lysis of protoscoleces in the serum, and detected 
Cj on the surface of the damaged protoscoleces. It seems that antibody mediated, complement 
dependent destruction of onchosphere in the gut or at the invading site is the most effective 
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mechanism of host defence (Schantz and Gottstein, 1986). 
The foregoing survey of the Hterature clearly reveals that E. granulosus exists as 
different strains in various geographical regions. These strains differ in their morphology, 
developmental biology, biochemistry and even in genetic constitution. Besides these differ-
ences, strains also differ in their prepatent period, making the problem of hydatidosis more 
complicated, and thus no single effective time based control programme can be applied until 
or unless the problem of strain variability is sorted out at a micro level. In view of these 
facts the present study was undertaken to identify the problems related to the asexual repro-
duction and stage specific gene products. 
Further, an attempt has also been made to identify the biochemical changes associated 
with the surface plasma membrane during the course of development. It has been emphasised 
that biochemical diversity must recieve as much attention as biochemical unity and undue 
importance to anyone would lead to a distorted picture. Therefore a comparative study should 
be carried out wdth the nature of variability in the developmental stages inhabiting different 
host would contribute to a better understanding of biochemical adaptations in the parasites. 
The surface of the parasite is not only important because of its antigenic propertie, but also 
represents the intimate interface between the host and the parasite and hence this structure 
can be considered as a major site responsible for the maintenance of the host parasite rela-
tionship. 
In addition to this an attempt has been made to identify the major polypeptides 
responsible for the morphogenesis and organogenesis, and their antigenic properties and 
localization in the sub cellular compartments will be carried out during the course of this 
study. It is expected that the results of this study will form the basis of future immunodiagnostic 
and immunoprotection studies. This will also provide an opportunity to use the recent molecular 
biology techniques like rDNA, monoclonal antibodies etc. for the development of an effective 
vaccines and diagnostic probes. 
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MATERIALS AND METHODS 
Materia ls and Methods 
Collection of Protoscoleces: 
The protoscoleces were isolated from the pulmonary hydatid cysts of Indian water buffalo 
{Bubalus bubalis ), slaughtered at the local abattoir. The method of isolation was essentially 
the same as described by Smyth (1979). Hydatid cysts were carefully transported to the laboratory 
and protoscoleces were isolated under aseptic conditions. The surface of the cyst was coated 
twice with alcohalic iodine and the hydrostatic pressure of the cyst was released by withdrawing 
cyst fluid, with the help of a hypodermic syringe. Thereafter a fine incision was made in the 
cyst wall with a sharp scalpel and protoscoleces along with brood capsules were aspirated with 
the pasture pipette and suspended in Hank's Balanced salt solution (HBSS) pH 7.4. 
Washing and Evagination: 
Protoscoleces were thoroughly washed with several changes of HBSS, pH 7.4 at room 
temperature. The protoscoleces containing brood capsules were incubated at 37°C for 30 min. 
in HBSS, on an electric driven rotating device to release protoscoleces from the brood capsules. 
Thereafter the protoscoleces were filtered through a fine mesh (500 |j,m, diameter) to remove 
debris and unbroken brood capsules. The filtrate containing protoscoleces was collected and 
checked for viability. The protoscoleces showing viability more than 90% was used for ftirther 
studies. 
Viability test: 
The viability of the protoscoleces was determined by the following methods. 
(A) Flame cells activity: A drop of saline containing protoscoleces was placed on a glass 
slide and the pulsating activity of flame cells was observed microscopically in five separate 
fields and in three replicates as described by Thompson (1977a). 
(B) Eosin exclusion test: A drop of protoscoleces suspension was placed on a glass slide, 
mixed with 0.1% aqueous eosin and examined imder light microscope. The viable protoscoleces 
were counted on the basis of discrete colour, since live protoscoleces did not absorb the dye 
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and their colour remain unchanged, while dead protoscoleces stained pink with the dye. 
Establishment of infection: 
In order to establish the experimental infection to obtain the different developmental 
stages(8,16,24 ,32and40days)corresponding to the elongation, segmentation,organogenesis 
and maturation stage of the parasite, a group of six puppies were maintained at a time. The 
puppies (about 4-5 weeks old), preferably of same litter were collected and maintained imder 
hygienic condition. The animals were kept on controlled diet and allowed to acclimatize for 
three weeks. After 3 weeks of acclimatization puppies were starved for 15 h and then 
approximately 1,00,000 viable protoscoleces were fed to each of them in gelatin capsules. 
Isolation of developmental stages: 
After required post infection period, infected puppies were sedated by anaesthetic ether 
and abdomen was open with the help of sharp sterilized scalpel. Subsequently upper part of 
small intestine (ileum) was ligated at both ends and transferred into a beaker containing HBSS 
pH 7.4. After collection of cardiac blood, puppies were euthanised by injecting excess of 
sodium penta-barbitone in the heart. The intestine was slit open longitudinally and kept in 
the beaker for two hrs, to allow the worms to detach from the lumen. The worms were collected 
and thoroughly washed with HBSS pH 7.4. Special care was taken in handling the puppies 
having 40 days old infection, because the worms possess gravid segment. At the end of the 
experiment, the walls and floor of the animal house was cleaned by sprinkling bleaching powder 
[CaCl (Clo). 4 HjO] followed by washing. The viscera and faecal matter of infected puppies 
were decontaminated and hurried deep under the ground. 
Collection of primary immune sera: 
In order to analyse the antigenic polypeptide profile during the development of the 
parasite, sera were collected from the experimentally infected puppies. Blood samples were 
collected fi-om the jugular vein at 4, 8, 16, 24, 32 and 40 days post infection (PI) using sterilized 
disposable syringes. The blood was kept at room temperature for coagulation, then clot was 
allowed to shrink overnight at 4°C thereafter serum was isolated and centrifiiged at 10,000 
g for 10 min. Finally, serum was sterilized by low protein binding millipore filter (Millex-
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GV 0.22 ^m filter unit, Millipore, USA) and kept at -20''C until use. Control sera was collected 
from puppies before giving infection. 
Isolation of surface plasma membranes: 
The isolation procedure of surface plasma membrane was essentially the same as described 
by McManus and Barrett (1985). Protoscoleces were thoroughly washed (as described earlier) 
followed by final rinse in HBSS, pH 7.4 containing 25 mM Tris (HBSS-T). Approximately 
1 ml packed volume of protoscoleces/developmental stage of the parasite was incubated in 
0.2 % (v/v) Triton X 100 (a non ionic detergent) in HBSS-T at 4° C for 10 min with continuous 
shaking. Thereafter membrane disrupting solution alongwith worms were subjected to 1 x 
30 sec. shearing step on a bench top vortex mixer. Denuded worms were separated by low 
speed centrifiigation (150 x g ) for 5 min, supematant fraction was carefiiUy removed by 
pasture pipette and centrifuged at 30,000 x g for 15 min. The other details of the protocol 
followed for the isolation of surface plasma membrane are given in Fig 2. The resulting 
pellet was collected and subsequently dissolved in the appropriate volume of the buffer 
for fiuther characterization. For enzymatic study the membrane pellet was suspended in 0.1 
M Tris HCl, pH 7.0 and sonicated for 3 x 3 0 sec in ice. While for the analysis of polypeptides 
and antigen profile, the pellet was homogeneously suspended in 0.1 M Tris HCl, pH 7.0 
containing 10 mM Ethylenediaminetetra-acetic acid (EDTA) and 1 mM Phenylmethylsulfonyl 
fluoride (PMSF). Whenever necessary the isolated membranes were stored at -20° C imtil 
use. 
Subcellular fractionation: 
The isolation procedure for subcellular compartments was essentially the same as described 
by Siddiqui and Podesta, (1985a) with some modifications. After the isolation of surface 
plasma membrane, carcasses were thoroughly washed with several changes of HBSS pH 
7.4 to remove the traces of detergent. The denuded worms were gently homogenized in 
medium 'A' [0.05 M Tris HCl, pH 6.8 containing 0.25 M sucrose, 1 mM EDTA and 0.1% 
(v/v) ethanol] using electric driven homogenizer (Yorco, India) at controlled rpm. The homogenates 
were then passed through cheese cloth to remove fibrous tissue and debris. All fractionation 
steps were carried out at 4°C. 
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Fig- 2- Flow diagram for the isolation of surface plasma membranes. 
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Differential centrifugation: 
The filtrate of the homogenate was centrifugated at 200 x g for 2 x 20 min and the 
resultant pellets, containing mostly unbroken cells and debris were discarded. The clear supernatant 
was centrifuged at 600 x g for 2 x 20 min and the pellets obtained were stored as nuclear 
fi-action. The supematant was recentrifiiged at 3000 x g for 2 x 20 min, the pellets obtained 
were designated as Internal Cell Membrane (ICM) fraction. The supematant was further 
centrifuged at 8000 x g for 2 x 20 min and the pellets were saved as mitochondrial fraction. 
Further the supematant was finally centrifuged at 250,000 x g for 1.5 h, the resuhing pellet 
and supematent were stored as microsomal and cytosolic fraction respectively. Pellets of the 
different subcellular fractions were washed with medium 'C ( 0.05 M Tris HCl pH 6.8 containing 
0.25 M sucrose, 0.1 M KCl, 1 mM MgCl^, 1 mM EDTA, and 1 mM ATP). While the 
mitochondrial fraction was washed with medium 'C ' containing 0.5% ( w/v ) bovine serum 
albumin (BSA), and the small amount of lipid which float on the top of the tubes was 
removed by aspiration. Finally the mitochondrial pellets were washed with medium 'C 
'. All the steps of differential centrifugation were carried out at 4°C using Beckman L 8-
55 ultracentrifuge. The protocol for the isolation of subcellular compartments is summarized 
in Figure-3. 
Pellet solublization and sonication : 
Different subcellular compartment enriched fractions were dissolved in the desired buffer 
and sonicated for 3 x 15 sec in ice using ultrasonic disintegrator fitted with 5 imn probe (Ralsonic, 
India). The clear suspension of protein samples of diffferent fractions were divided into aliquotes 
and stored at -20°C until use. 
Enzyme Assays: 
The enrichment of surface plasma membrane and various subcellular compartments were 
monitored by the specific enzyme and biochemical markers. The procedure for their estimations 
are described below. 
(1) Succinic dehydrogenase (SDH) (EC 1.1.1.14): The succinic dehydrogenase activity 
was determined by the method of Prichard and Schofield (1968) using fumarate as substrate. 
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Pig. 3- Flow diagram for the isolation of different sub-cellular compartments. 
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The total reaction volumes of 3 ml contained 42 mM phosphate buffer pH 7.6, 33 mM 
CaClj, 1.7 mM MgCl^ and 57 ^m NADH ( sodium salt). Reaction was started by the addition 
of 33 mM fumarate at room temperature and decrease in extinction were recorded at 340 
mn for 12 min. 
(2) Lactate dehydrogenase (LDH) (EC 1.1.1.27): The lactate dehydrogenase activity 
was estimated by the method of Bergmeyer and Bemt (1974) using sodium pyruvate as substrate. 
Total assay volume of 3.15 ml contained 48 mM phosphate buffer pH 7.5, 0.6 mM sodium 
pyruvate and 0.18 mM nicotinamide adenine dinucleotide, reduced form (NADH, sodium salt). 
The reaction was started by the addtion of NADH at room temperature and change in extinction 
was recorded at 340 nm for 3 min. 
Enzyme activity: 
The specific activity of SDH and LDH was calculated according to the method of 
Bergmeyer and Bemt (1974). Activities are expressed in term of ^moles of NADH oxidized 
/mg protein/min. 
(3) Acid phosphatase ( EC 3.1.3.2 ): Enzyme activity was determined by the method 
as described by Bermeyer et al., (1974). The assay mixture 1.1 ml contained 0.05 M acetate 
buffer pH 5 and 8 mM p - nitrophenyl phosphate (pnp) as substrate. The reaction mixture 
was incubated at 37°C for 30 min, thereafter reaction was stopped by adding 8.9 ml of 0.02 
N NaOH. The optical density (OD) of liberated p-nitrophenol was measured at 410 imi. 
(4) Alkaline phosphatase ( EC 3.1.3.1 ): Assay procedure for alkaline phosphatase is 
essentially the same as described for acid phosphatase. The total reaction mixture (1.2 ml) 
contained 0.05 M glycine -NaOH buffer, pH 9.5 and 5 mM substrate (p-nitrophenyl phosphate). 
After 30 min incubation at 37°C reaction was stopped by the addition of 8.8 ml of 0.02N 
NaOH. The optical density (OD) of liberated p-nitrophenol was recorded at 410 mn. 
Enzyme activity of acid and alkaline phosphatase was determined with the help of previously 
prepared standard calibration curve of known concentration of p-nitrophenol. Activity of phos-
phatases are expressed as |ig p-nitrophenol liberated/mg protein/min. 
(5) Adenosine triphosphatase (ATPase, EC 3.6.1.3): Enzyme activity was determined 
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by quantitating the released inorganic phosphorus in reaction mixture, as described by Vema 
and Frati (1983). The reaction mixture (2.2 ml) comprised of 92 mM Tris HCl buffer 
pH 8.5, 5 mM MgClj and protein sample. After 10 min equilibriation of reaction mixture 
at 37°C, the reaction was started by the addition of 4 mM ATP (sodium free). Subsequently, 
after 15 min the reaction was stopped by the addition of ice cooled 10 % Trichloro acetic 
acid (TCA). Control was also run simultaneously containing all reagents except protein sample. 
The incubates were centrifiiged at 5000 x g and supernatant was assayed for inorganic phosphorus. 
(6) 5' Nucleotidase (EC 3.1.3.5): Assay was carried out by the method as described in 
Sigma Technical Bulletin No. 675 (1974) with slight modification. The reaction mixture 
contained 0.05 M Tris HCl, pH 7.5 and 300 |imole substrate (Adenosine 5' monophosphate, 
AMP). After 10 min of equilibriation at 37°C, protein samples were added, and reaction 
was allowed to complete for 90 min at the same temperature, thereafter reaction was stopped 
by the addition of 30% TCA. In addition to the blank, jS-glycerophosphate (BGP) controls 
were also run simultaneously. In the reaction mixture adenosine 5' monophosphate (AMP) 
was replaced by 200 ^mole ^-glycerophosphate and all other conditions remained the same 
as described above. The incubates were centrifiiged at 5000 x g and supernatant was assayed 
for liberated phosphorus (Pi). The Pi values obtained from BGP control were subtracted 
from the Pi values obtained from the hydrolysis of AMP and the resultant activity was termed 
as 5' nucleotidase activity. 
Activity of Adenosine triphosphatase and 5' nucleotidase were expressed as \xg Pi liberated/ 
mg protein/min. 
(7) y-Glutamyl transpeptidase (EC 2.3.2.2.): Activity was determined by the method 
of Szasz (1974). The total volume of 2.1 ml assay mixture comprised of 10 mM MgCl^, 
4 mM L-y- glutamyl-p-nitroanilide, 50 mM glycylglycine in 48 mM ammediol buffer, pH 
8.2 and protein sample. The reaction was started by the addition of protein sample and 
change in absorbance indicating release of p-nitroaniline was recorded at 405 nm for 3 min. 
The specific activity is expressed as p-nitroaniline liberated/mg protein/min. 
For enzymatic study all the chemicals were obtained from Sigma Chemical Co. (USA) 
unless/otherwise stated. The glasswares used for the estimation of 5' nucleotidase. Adenosine 
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triphosphatase and inorganic phosphorous, were thoroughly washed with special cleaning agent 
(Extran, MA 03-Phosphate free). 
Phosphorous (Pi) estimation: 
Phosphorous was estimated according to the method of Young (1984). Suitable aliquotes 
of the sample were taken and 0.1 ml of Cone, sulfuric acid, was added. The mixture was 
heated in, boiling water bath for 2 min and cooled to ambient temparature, thereafter 0.05 
ml of 70 % perchloric acid (HCIO )^ was added and sample were heated again for 2 min. 
After cooling the samples at room temperature, 2.0 ml double distilled water (DDW), 1.0 ml 
of 1% (w/v) anmionium molybdate, 1.0 ml of 1% (w/v) freshly prepared ascorbic acid were 
added. Finally the samples were vortexed and heated at 70°C for 10 min, after cooling at 
room temperature, absorbance was recorded at 820 nm. The values of different samples were 
calculated with the help of standard calibration curve previously prepared using potassium dihydrogen 
phsophate (KH^PO^) in the range of 1-10 jig. 
Protein estimation: 
Total protein concentration of different samples were determined by the dye binding 
method of Spector (1978) using Coomassie Brilliant Blue G 250 (CBB G 250) dye (Sigma 
Chemical Co. USA) The dye reagent consisted of 0.01 % (w/v) CBB G 250, 4.75% (v/ 
v) absolute ethanol and 8.5% (v/v) orthophosphoric acid (H^PO^). The total assay volumes 
of 1.1 ml comprised of 0.1 ml protein sample and 1.0 ml dye. The optical density (OD) were 
recorded at 595 nm by Spectronic 1001 spectorophotometer (Milton Roy, USA). The protein 
concentrations of each sample was determined with the help of previously prepared standard 
calibration curve using bovine serum albumin (BSA) in the range of 1-10 i^g concentration. 
Extraction and Estimation of DNA: 
Total DNA of different subcellular compartments was estimated by the method of Giles 
and Myers (1965). The known quantities of protein sample (approximately 0.5 gm) were mixed 
with 3 ml of 0.5 N HCIO^ in a stoppered test tube. Tubes including reagent blank were heated 
in a water bath at 90°C for 20 min. After cooling at ambient temperature, mixture were 
centrifiiged at 500 x g for 10 min. Clear supernatant was transferred to another test tube 
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and final volume was made up to 10 ml with 0.5N HCIO^. 
Appropriate aliquot and 0.5 N HCIO^ were taken in stoppered tubes, 4 ml of Burton's 
diphenyl reagent (1.5 gm diphenyl amine, 100 ml glacial acetic acid and 0.5 ml of 1.6% (v/ 
v) acetaldehyde solution, added on the day of use) was added. The tubes were incubated 
overnight at 30°C for 12-16 h the color was read against the reagent blank at 600 nm. DNA 
was quantitated with the help of standard calibration curve, prepared by using purified 
calf thymus DNA (Sigma Chemical Co. USA). 
Sodium dodecyl sulphate polyacrylamide gradient gel electrophoresis (SDS-PAGGE): 
Polypeptide profile was analysed by SDS PAGGE, using discontinuous buffer system 
of Laemmli (1970), with some minor modifications. The separating and stacking gels were 
prepared from the various stock solutions 
Stock solution: 
(A) Acrylamide solution 
Acrylamide = 30.00% (w/v) 
Bis acrylamide = 0.80% (w/v) 
(B) Separating gel buffer 
Tris = 36.00% (w/v) 
TEMED = 0.23% (v/v) 
SDS = 0.80% (w/v) 
Dissolved in 80 ml of DDW and pH was adjusted to 8.3 with IN HCl. 
(C) Stacking gel buffer 
Tris = 5.98% (w/v) 
TEMED = 0.46% (v/v) 
SDS = 0.80% (w/v) 
Dissolved in 80 ml of DDW, pH was adjusted to 6.7 with IN HCl. 
(D) Running buffer (lOX) 
Tris = 3.03% (w/v) 
Glycine = 14.41% (w/v) 
SDS = 1.00% (w/v) 
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(E) Ammonium per sulphate 
Always prepared fresh, 10% (w/v) in double distilled water. 
Different concentration of polyacrylamide gel solution was prepared by varying the 
quantities of acrylamide solution and adjusting the total volume with DDW. The separating 
gel of linear 7-15% gradient was prepared as follows: 
Separating gel solution: 
7% 15% 
(A) Acrylamide 3.76 ml 8.00 ml 
(B) Separating gel buffer 2.48 ml 2.48 ml 
(E) 10% Ammonium per sulphate 0.80 |il 0.80 \xl 
Double distilled Water 9.78 ml 5.52 ml 
Solution (A&B) and DDW were thoroughly mixed, and degassed for 10 min at 25 
lb negative pressure and freshly prepared 10% Ammonium per sulphate (solution E) was 
added. The gel mixture were immediately poured into the chamber of gradient maker and 
7-15% gradient was prepared in pre cast glass plate moulds (14x14 x 0.1 cm size). Once 
the gel solution was poured, it was carefully overlaid with a few drops of double distilled 
water and allowed to polymerize at ambient temperature for 45 min. After polymerization 
the water was carefully removed from the gel surface and 4% stacking gel solution was poured 
on to the separating gel, simultaneously desired combs were inserted and gel solutions was 
overlaid with few drops of DDW. The gel solutions was allowed to polymerize at room temperature 
for 30 min. 
Stacking gel solution: 
4% 
(A) Aciylanude = 2.00 ml 
(C) Stacking gel buffer = 2.00 ml 
(E) 10% Ammonium per sulphate = 100.00 |il 
Double Distilled Water = 10.80 ml 
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Sample preparation: 
The protein sample ( concentration pre-maintained to 2 ^ig/nl with desired buffer) 
was mixed with equal volume of Laemmli's sample buffer, which consisted of 0.625 M 
Tris HCl, pH 6.8, 5% (v/v) p-mercaptoethanol, 20% (w/v) SDS, 10% glycerol and 0.05% 
(v/v) aqueous bromophenol blue as the marker dye. The sample mixture was boiled for 8 
min at 100°C in boiling water bath. Simultaneously low and high molecular weight standard 
protein markers were also prepared. The low molecular weight standard protein marker 
were procured from (LKB, Pharmacia) which contained the following highly purified proteins: 
Phosphorylase-b (94 kDa), albumin ( 67 kDa) ovalbumin (43 kDa), carbonic anhydrase (30 
kDa), Trypsin inhibitor (20.1 kDa) and lactalbumin (14.4 kDa), while Sigma high molecular 
weight standard marker contained following proteins : Myosin (205 kDa), P-galactosidase 
(116 kDa), phosphorylase-b (97.4 kDa), albumin (66 kDa), ovalbumin (45 kDa) and carbonic 
anhydrase (29 kDa). A total of 50 \ig of protein samples alongwith standard markers were 
carefiilly loaded onto the gel with the help of micro sample applicator. 
Electrophoresis: Electrophoresis was carried out at 30 mA / slab gel constant current in 
vertical slab gel system, temperature was maintained at 6°C by Multiphore-II thermostatic circulater 
(LKB-Pharmacia, Sweden). When the bromophenol blue tracking dye reached 0.5 cm before 
the end of the gel, the power supply was disconnected and gels were removed from the glass 
mould and used for staining. 
Staining of gel: 
Coomassie Brilliant Blue (CBB R 250) Staining: After electrophoresis gels were jfixed 
in fixing solution consisting of 10 % (v/v) acetic acid, 45 % (v/v) methanol, for 2 h. Thereafter 
gels were stained with 0.25 % (w/v) CBB R 250, prepared in fixing solution, overnight. The 
Qverstained gels were destained in high destaining solution (HDS), consisting of 7% (v/v) acetic 
acid and 45% (v/v) methanol. Finally gels were destained in low destaining solution (LDS) 
consisting of 7 % (v/v) acetic acid and 5 % (v/v) methanol in double distilled water, until 
the background became clear. Finally gels were stored in 7% (v/v) acetic acid in double distilled 
water. 
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Silver staining: Silver staining of gels was performed following the method of Oakley 
et al., (1980) with some modifications. All the procedures were performed at room temperature 
with continuous gentle shaking and lighting. Double deionized glass distilled water was used 
to prepare all the solutions, and handling of gels were minimized by using an aspirator 
to remove reagents and washing solutions. All staining procedures were carried out in (34 
X 20 X 5.6 cm) glass dishes. To immoblised the fractionated proteins, gels were placed in 
10% (v/v) acetic acid, 50% (v/v) methanol for 30 min. Thereafter gels were transferred to 
7% (v/v) acetic acid containing 5% (w/v) methanol for 1 h, the gels were expanded in this 
solution and retumed to its original size. Following this, gels were fixed in 10% imbuffered 
glutaraldehyde prepared by diluting 25% analytical grade glutaraldehyde for 30 min. The 
gels were then rinsed in DDW for 6 h with several changes or overnight with large volume 
of double distillted water. After rinsing, the gels were transferred to freshly prepared dithiothreitol 
solution (5 mg/ 1 DDW) for 35 min. In this solution disulphide bonds of polypeptides are 
reduced. Thereafter the gels were incubated in silver nitrate solution (0.1% (w/v) AgNOj 
in DDW) for 40 min. After rinsing, gels were transferred to freshly prepared developer 
solution [3.0% sodium carbonate (Na^COj) containing 0.05% (v/v) of 40 % formaldehyde]. 
As soon as transient brown color developed, solution was decanted and fresh developer 
was added. After 15 seconds, developer was again replaced with fresh developer solution 
and incubated imtil the appropriate color developed. The gels were removed from the 
developer solution when a dark background began to develope and quickly rinses in double 
distilled water. Finally gels were transferred to fixative solution for 10 min (fixative consisted 
of developer solution + 2.3 M citric acid). After staining gels were stored in 0.03% (w/ 
v) sodium carbonate (Na^COj), to ensure even staining and prevent sticking of the gel to 
the container, enough solution was added to allow the gel to float freely. The stained gels 
were photographed imder transillumination by Carmon AE 1 camera using 125 ASA/ORWO 
Black and white/color film (Konica). Thereafter the gels were dried on gel dryer (Pharmacia 
-LKB. Swedan. 
All the chemicals used for electrophoresis were purchased fix)m Pharmacia (Sweden) 
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and the reagents/chemical used in silver staining were obtained from Sigma Chemical Co. 
(USA). 
Gel Scanning: 
Dried gels were scanned on laser gel scarmer (GS 250, Molecular Imager, Bio Rad, 
USA). The instrument was adjusted to zero by blank portion of gel. The peak height <2mm 
were not considered. The result of polypeptides of different developmental stages are given 
in Appendix-1. 
Molecular Weight determination: 
The relative mobility (Rf) of each polypeptides were calculated as follows: 
Distance of polypeptides migrated 
Rf= . 
Distance of tracking dye migrated 
The (Rf) values of individual polypeptide was calculated with the help of their migration 
distance. Subsequently molecular weight (Mr) of each polypeptides were determined with 
the help of semi log standard graph plotted by known molecular weight standard marker proteins 
against their (Rf) values. 
Adsorption of sera and determination of equivalence point: 
The method followed for the adsorption of sera was essentially the same as described 
by Hudson and Hay (1989). The serum was diluted with phosphate buffer in 1:4 ratio, and 
about 400 \il of diluted serum was pipetted into microfuge tubes. Thereafter increasing amounts 
of antigen (10-200 ng) were added to the constant amount of antibody, simultaneously control 
(wdthout antigen) was also prepared. After overnight incubation at 4°C, tubes were centrifuged 
at 5000 X g for 20 min. and supernatant was discarded. The pellets were dissolved in known 
quantity of phosphate buffer and total protein was estimated, consequently equivalence point 
was determined. 
Immunoblotting: 
The PAGE fractionated polypeptides were transferred electrophoretically onto Immobilon-
P, protein binding membrane (0.45 ^m pore Millipore, USA) using Nova blot system (Pharmacia 
- LKB) according to the method as described by Towbin et al., (1979). Transfer of the polypeptide 
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was performed for 3 h at 0.8 mA/cm^ gel, under semidry condition using discontinuous 
buffer system alongwith methanol. 
Thereafter the membrane was stained with antigen detection compatible dye, Ponseu 
-S for 5 min and the visible lane was cut into 5 mm wide test strips parallel to the direction 
of polypeptide migration. The individual strips were labelled and placed in a small incubation 
tray for further processing. 
Detection of antigenic polypeptides: The antigenic polypeptides were detected by the 
method as described by Harlow and Lane (1988). The test strips were incubated for 2 h 
at room temperature in blotto, consisted of 5 % low fat skimmed milk, (Anikspray, India) 
prepared in 50 mM Tris HCl pH 7.4 containing 150 mM NaCl) and washed thoroughly 
with washig buffer (50 mM Tris HCl pH 7.4 + 0.02 % Tween-20). Thereafter incubated 
for 2 hrs in the primary antibody diluted in blotto (1:100) alongwith adsorbed and control 
(pre infected ) sera. Following incubation, the strips were thoroughly washed with washing 
buffer. Finally strips were incubated in appropriate secondary antibodies either goat antidog 
IgG whole molecule, conjugated with alkaline phosphatase (Sigma Chemical Co. USA) or 
goat antidog IgM, heavy chain, conjugated with peroxidase (The Binding site Ltd, UK) diluted 
in 1:1400 ratio with blotto. After incubation for 2 hrs at room temperature, the strips were 
thoroughly washed with washing buffer followed by final wash in Tris HCl saline, pH 
7.4 and detected by appropriate chromogen. 
Alkaline phosphatase detection: 
The antigenic polypeptides probed with alkaline phosphatase labelled secondary antibody, 
were detected by 5-Bromo-4-chloro-3-indolyl phosphate, disodiimi salt/nitroblue tetrazolium 
(BCIB/NBT) chromogen system which generates an intense black purple precipitate at the site 
of enzyme binding. Prior to developing the blot three stock solutions were prepared: 
Stock solutions 
(A) 5.0% (w/v) NBT in 70% diethylformamide. 
(B) 5% (w/v) BCIP (disodium salt) in 100% diethylformamide. 
(C) Alkaline phosphatase buffer 100 mM Tris HCl pH 9.5, containing 100 mM 
NaCl, 5 mM MgCl^. 
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Fresh chromogen reagent was prepared by mixing the appropirate concentration of 
substrate in buffer and blot were developed at room temperature with continuous shaking 
until the bands were suitably stained. Finally the reaction was stopped by rinsing the blot 
with PBS containing 20 mM EDTA. 
Horseradish Peroxidase detection: 
The horseradish peroxidase labelled secondary antibody was detected using Diamino-
benzidine tetra hydrochloride as substrate, in presence of cobalt chloride (DAB/CoCy which 
generated irreversible slate black precipitate at the site of enzyme binding. For horseradish 
peroxidase following stock solutions were prepared. 
(A) Peroxidase buffer, 50 mM Tris HCl pH 7.6 
(B) 0.3% (w/v) Cobalt chloride in DDW. 
The chromogen solution was freshly prepared by mixing appropriate quantities of the 
DAB and metal ion enhancer in substrate buffer. Blots were developed at room temperature 
with continuous shaking until the bands are suitably dark and the reaction was stopped by 
washing the blot with PBS. 
Blots were photographed under the optimum artificial light using low speed (black and white, 
10 ASA, Copex, film) by AE-1 Canon camera. 
Identiflcation of Lectin binding proteins: 
The method used for the identification of lectin binding proteins was essentially the 
same as described by Polak and Noorden (1987)with some modifications. Different protein 
samples, total soluble protein, surface plasma membranes and different subcellular fi-actions 
of larval, 16, 24 and adult stage, were fractionated into their constituent polypeptides by 
gradient SDS-PAGE, and transblotted onto the Immobilon-P, protein binding membrane as 
described earlier. The membrane was stained with ponceu-S (0.2 % (w/v) BDH, Biochemical 
Ltd, England) in 50 mM acetate buffer pH 5. The visible lane of polypeptides were cut 
into 5 mm wide test strips. The anomalous binding sites were saturated with 0.1 % Bovine 
serum albumin (BSA) containing 0.2 (v/v) Tween 20 (Sigma Chemical Co. USA) for 2 h 
at room temperature with continuous shaking. Thereafter test strips were thoroughly washed 
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with lectin buffer (Tris buffered saline, pH 7.4) containing cocktails of heavy metal ions 
(Mn, Mg, CoCl^ ) for 10 X 3 min. The blots were then treated with concanavalin Con 
A (25 ng/ml) alongwith 0.1 % BSA prepared in lectin buffer. Since lectin has multiple 
binding sites, when incubated in excess some unoccupied binding sites are left even after 
binding with glycoprotein. The unoccupied binding sites of the lectin were further saturated 
by brief incubation (10 min) in a purified glycoprotein i.e. peroxidase enzyme (20 ^g/ml) 
and washed as described above. The bound peroxidase was detected by treating the blot 
with diaminobenzidine tetrahydrochloride/cobalt chloride, chromogenic system (as described 
in immunoblotting ). Finally the blots were photographed using ORWO/125 ASA or 10 
ASA, Copex, Black and white film by Canon AE-1 camera. 
Lectin afflnity chromatography: 
Lectins are proteins, distinguished by their ability to specifically bind with the car-
bohydrates. This binding property of lectin has made lectin affinity chromatography, a novel 
approach to the isolation of glycoproteins. The saccharide binding specificities of lectin are 
directed toward sugar and their anomeric linkage (see review by Goldstein and Hayes, 1978). 
Moreover concanavalin A (Con-A) recognizes prosthetic group comprised of a-D- manopyranosides 
and a-D-glucopyranosides. In order to isolate the con A specific glycoproteins, Con-A was 
immoblized by covalently coupling with biologically inert matrix. 
Preparation of lectin matrix: Pre'swell Seralose 4B (SRL, India) was pipetted into 100 
ml siliconized glass beaker and equal volume of DDW was added. The matrix was thoroughly 
washed by several changes of DDW. The active groups on inert matrix were created by cyanogen 
bromide treatment (Hudson and Hay, 1989). The activated beads were washed using sintered 
glass funnel, with excess of DDW and finally with 0.1 M sodium bicarbonate buffer, pH 
8.9. Thereafter 2 % (w/v) con A (IBF, France) was incubated alongwith activated matrix 
for 24 h at 4°C with intermittent gentle shaking. Excess lectin was removed by repetitive 
change of washing buffer, finally the remaining active groups of the matrix were quenched 
with diethanolamine buffer, pH 9.0 at 4°C overnight. 
Column preparation: The Con-A coupled matrix was poured into the siliconized barrel 
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of 5 ml glass syringe which had previously been plugged with siliconized glass wool. The 
column was then equilibriated by passing approximately 50 ml of binding buffer. 
Affinity purification: The known amount of surface plasma membrane protein of different 
developmental stages of parasite, were dissolved separetely in lectin buffer (Tris buffered 
saline pH 7.4 containing cocktail of heavy metal ions like Mn, Mg, CoCy and loaded onto 
the column. The sample in the column was incubated for 1 h, at room temperature to allow 
the binding of glycoprotein with immoblized Con A. The non specifically adsorbed proteins 
were washed out by repetitive elution by lectin buffer. Finally the bound glycoproteins 
were eluted by the buffer containing 0.2 M mannose and glucose, at the flow rate of 10 
ml/h. One ml fractions were collected and the amount of protein contents in each fraction 
were determined by measuring the absorbence at 280 nm. The fraction containing glycoproteins 
were pooled and dialysed against large volume of DDW, to remove the ions, thereafter finally 
dialysed under vaccum at 4°C and stored at -20°C until use. 
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RESULTS 
Chapter -1 Stage specific gene products in relation to morphogenesis and their 
antigenicity. 
Sodium dodecyl sulphate polyacrylamide gradient gel electrophoresis (SDS PAGGE) is one 
of the most efficient methods of separating complex mixture of proteins into its constituent polypeptides. 
The reliability of the technique being important, therefore it was standardized before examining 
the changes in proteins associated with the development ofE. granulosus. It was ensured that the 
technique is sufficiently reproducible in the specified laboratory conditions and secondly that the 
developmental changes which take place during differentiation can be demonstrated as changes in 
polypeptide profile. 
Consistency of gels: 
In order to confirm the reproducibility of results, a series of PAGE experiments were 
performed and the parameters like relative mobility (Rf) of standard marker proteins, suitability 
of gradient for parasite proteins were analysed. Relative mobility of standard marker proteins 
were computed by dividing the distance migrated by individual marker protein with the distance 
of dye front. Subsequently standard graphs were plotted on semi-log paper using the Rf values of 
standard marker proteins against their respective known molecular weights (Fig. 4, 5, 6). Three pa-
rameters namely, intercept, slope and correlation coefficient of three different gels were calculated 
(Table 1) which provides a higher degree of consistency for gels. 
Initially 5 to 20 % gradient gel of polyacrylamide were prepared and soluble protein of 
the parasite (Approximatly 10% homogenate) were electrophoresed imder specified standard 
conditions. The positions of polypeptides having lowest and highest molecular weight were 
recorded. Consequently 7-15% gradient gel was found suitable for the present study. 
Accuracy of results: 
Various aspects concerning the possibility of error involved in the recording of data and 
its analysis were worked out. To avoid inconsistency in computing the number of polypeptides 
and their individual molecular weights, the gels were scanned on laser gel scarmer (Appendix 
No. 1). The average minimum and maximum distance of migrated polypeptides were recorded, 
which ranges fi-om 31 to 131 mm. With the help of semilog (Rf vs Mr) graph, it is expected 
that the degree of error associated with higher molecular weight polypeptide would be greater 
than that associated with low molecular weight polypeptides since the migratory distance of the 
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Table: 1- Values of intercept, slope arid correlation coefficient (r) of three different gels 
S.No. 
1. 
2. 
3. 
Intercept 
2.583 
2.593 
2.586 
Slope 
-1.668 
-1.721 
-1.701 
Correlation coefflcient (r) 
-0.971 
-0.978 
-0.973 
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latter are longer. Analysis of statistical parameters, viz. Intercept and slope of the best fit line as well 
as coefficient of correlation for different gels (Fig.4,5,6 Table 1) revealed insignificant differences 
among the results of standard marker protein of various gels, indicating the accuracy of subsequent 
results. 
After establishing the reproducibility of results, a series of polyacrylamide gels were run and 
proteins of different developmental stages viz. protoscoleces, 8,16,24, 32 and 40 days old worms, 
were analysed. 
Stage specific gene products: 
Gene products of different developmental stages were analysed by gradient SDS-PAGE 
and gels were stained with CBB R 250 as well as silver staining. The electropherograms of 
polypeptide profile are presented in Plate 2. Since a large number of polypeptides were resolved by 
both coomassie and silver staining, tliey were divided into two groups depending upon the height of 
the optical density peak. The height of individual peak from the base line of the laser scanned den-
sitometric graph were measured. The polypeptide with approximately one or greater than 1 cm height 
were referred as major polypeptides. Whereas those polypeptides having < 1 cm height were hereafter 
referred as mmor polypeptides. The coomassie brilliant blue staining revealed comparatively small 
number of polypeptides than silver staining. 
Coomassie stained electropherogram is presented in Plate 2, A. In protoscoleces 26 major 
and 9 minor polypeptides were observed while in 8 days old worms showing evagination and 
elongation of germinal region, 20 major and 4 minor polypeptides were detected (Plate 2 A, Lane 
0, 8). Further in 16 days old worm showing first banding and genital rudiments, 28 major and 11 
minor polypeptides were observed (Plate 2 A, Lane 16). In 24 days old worms almost all the vital 
organs were developed, which revealed a total of 26 major and 8 minor polypeptides (Plate 2 A, 
Lane 24). Whereas in 32 days old worms, 27 major and 13 minor polypeptides were detected (Plate 
2 A, Lane 32). Similarly 40 days adult worms having fiilly developed gravid segment, revealed 25 
major and 13 minor polypeptides (Plate 2 A, Lane 40). Echinococcus granulosus is a complex 
metazoan parasite, hence taking into account the variety of tissue system the number of polypeptides 
resolved by coomassie staining is too low. Therefore a more sensitive, silver staining technique was 
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PIate:2- Gradient SE>S polyacrylamide gel electrophoresis of various 
developmental stages of E. granulosus. A and B represent 
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applied for the visualization of polypeptides. 
Silver stained electropherogram revealed significantly more polypeptides as compared to 
coomassie staining (Plate 2, B), although the loading concentration of protein samples remained the 
same. In protoscoleces 40 major and 9 minor polypeptides were detected (Plate 2 B, Lane 0), while 
in 8 days old worms, 39 major and 6 minor proteins were resolved (Plate 2 B, Lane 8). Further 
in sixteen days old worms, 45 major and 16 minor polypeptides were observed (Plate 2 B, Lane 
16). Similarly 24 days old worms revealed 41 major and 11 minor polypeptides (Plate 2 B, Lane 
24), while in 32 days old worms 43 major and 17 minor proteins were detected (Plate 2 B, Lane 
32). In 40 days adult worms with gravid segment, 48 major and 15 minor proteins were detected 
(Plate 2 B, Lane 40). 
Besides fundamental similarities among different developmental stages of parasite, protein 
profile revealed discrete qualitative and quantitative differences. On the basis of these results, polypep-
tides were grouped in three categories. First group includes "conserved" polypeptides, comprising of 
those polypeptides which are present throughout the development of parasite. While second category 
consists of "stage specific" polypeptides, such polypeptides are present only m a particular stage or 
stages of development. Third category includes "variable" polypeptides which show inconsistent pres-
ence during the course of development (Plate 2, Table 2, Fig. 7). The molecular weight of these 
polypeptides range fi-om <29 to >205 kDa. 
Since the silver staining is hundred fold more sensitive than coomassie brilliant blue 
staining, therefore only silver stained electropherogram were analysed in details. Polypeptides 
with Mr 153, 125, 109, 96, 90, 72, 67, 46, 40, 29 and several polypeptides <29 kDa were major 
conserved polypeptides, present in all the developmental stages (Plate 2, Fig. 7 ). Some of these 
polypeptides show quantitative increase in its concentration during the development as evident 
by intense staining and height of the peak of densitometric graph. In addition to this, 101 polypep-
tide was characterstic to protoscoleces and early phase of development, while 55 kDa polypep-
tide present upto 32 days stage. Similarly, 135, 112, 60, and 50 kDa polypeptides were found 
characterstic to 8 days stage showing evagination and differentiation of anlagen. Moreover 144,130, 
112, 105, 69,45 kDa polypeptides were associated with the 16 days old worms which are char-
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Table: 2 -Stage specific and variable polypeptides related to the differentiation and morphogenenesis 
as revealed by silver staining. 
Developmental 0 Days 
stages (in days) (Protoscoleces) 
8 16 24 32 40 days 
(adult) 
-Calcarious- -Evagination -1st banding -Second seg- -CcMnplete sexual -C«nplete 
corpuscle -Elongation -Genital mentation oigans& their gravid 
in germinal rudiment -Testes & Ovaiy+ maturation formation 
region -Vitelline gland+ -Immature -Fully devel-
-Cirrus sac+ hexacanth oped 
hexacanths 
Morphogenesis 
Total number of 
major & minor 
po/ypeptides 
CBB R 250 
26(9) 
Silver staining 
40 (9) 
20(4) 
39(6) 
28 (11) 26(8) 
45 (16) 41 (11) 
27 (13) 
43(17) 
25 (13) 
48(15) 
-
-
-
-
115 
-
-
-
-
-
103 
102 
101 
85 
82 
80 
64 
57 
55 
52 
-
-
-
-
43 
42 
41 
-
-
37 
-
35 
34J 
34 
-
32 
31 
-
30 
-
-
135 
-
-
-
112 
-
-
-
-
-
102 
101 
-
82 
64 
60 
-
55 
52 
50 
-
-
45 
-
-
41 
-
-
-
36 
-
345 
34 
-
-
-
-
-
29i 
144 
-
130 
-
115 
112 
-
107 
105 
-
103 
-
-
-
82 
78 
74 
69 
64 
61 
57 
55 
52 
49 
-
-
45 
43 
42 
41 
-
-
37 
36 
35 
-
34 
-
32 
31 
-
30 
-
144 
-
130 
-
-
112 
-
107 
105 
-
103 
102 
-
85 
-
80 
69 
61 
57 
55 
-
49 
-
46 
45 
-
42 
-
-
-
-
36 
35 
-
34 
-
-
31 
-
30 
-
144 
-
130 
-
-
-
-
-
105 
-
103 
102 
-
85 
82 
80 
74 
69 
64 
61 
-
55 
54 
52 
50 
48 
46 
45 
-
42 
-
38 
375 
37 
-
35 
345 
34 
-
32 
31 
-
30 
295 
144 41 
-
130 -
-
115 36 
-
108 345 
107 -
105 33 
m • 
103 31 
102 305 
-
85 295 
82 
80 
78 
74 
69 
64 
57 
-
52 
49 
-
-
45 
43 
42 
Note - Conserved polypeptides are not shown. 
No. in paranthesis indicate number of minor polypeptides. 
+ = Presence of the organ 
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Fig. 7- The presence ( —) and absence ( ) of different polypeptides with their apparent 
molecular wdghts of various developmental stages. 
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' 40 • 
acteristic to first segment and development of genital rudiment. The polypeptides with Mr 144,130, 
112, 105, 46, 45 kDa were characterstic to 24 days old worms which is an immature stage of the 
worm though it possesses all essential vital organs. Further 144, 130, 105, 69, 54, 48 kDa were 
associated with 32 days old worms which is characterized by immature hexacaths whereas 144,130, 
108,104 and 69 kDa were found characterstic to 40 days adult worms which possess fully developed 
infective hexacanths (Table 2 & Fig. 7). Some of these major characterstic polypeptide in the elec-
tropherogram have been denoted by arrows. Besides this, polypeptides with molecular weight 115, 
107, 103, 102, 85, 82, 80, 78, 74, 64, 57, 49, 43. 42, 41, 37, & 32 kDa are major variable 
polypeptides, showing inconsistent presence during the development of the parasites. Some major 
variable polypeptides in the electropherogram are denoted by arrow head (Plate 2 B, Fig.7, 
Table 2). 
Antigenic polypeptide profile: 
During the development of E. granulosus a number of new polypeptides are synthesised 
( see above ) which are either directly responsible for differentiation, morphogenesis and de-
velopment of reproductive organs or act as intermediate of these processes. It is expected that 
molecular action or interaction of these polypeptides with the host immune system would have 
some relevance in immunodiagnosis, immunoprotection and in the understanding of immunobiology 
of parasite infection. The antigenic polypeptides were analysed by immunoblotting using different primary 
immune sera, collected from experimentally infected puppies at 4, 8, 16, 24, 32 and 40 days post 
infectioa 
Authenticity of results: 
Before interpreting the results of antigenic polypeptides it should be emphasised that 
alongwith control (pre infeced) sera, antigens were also compared with adsorbed sera, and non 
specific antigenic polypeptides were not considered. 
Adsorption: 
The increasing amount of total soluble antigens of protoscoleces were added to the constant 
amount of 24 and 40 days PI sera. The precipitate (antigen & antibody complex) were quantitated 
by the estimation of protein and equivalence points were determined. The supematant sera was used 
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as adsorbed control for immunoblot study. However it was not possible to perform the phenomena 
of adsorbtion for all the post infection sera by different antigens. 
The results of antigenic polypeptide profile are depicted in Plates 3,4 and Table 3. Different 
developmental stages of parasite show variable number of antigens with different PI sera. Soluble 
proteins of protoscoleces revealed 3 antigenic polypeptides within the first week of infection, 
whereas 5 antigens were detected with 8 days PI sera. Similarly 6 and a maximum of 20 antigens 
were detected with 16 and 24 days PI sera respectively. Further, 32 days PI sera recognized 
only 7 antigenic polypeptides and the number again increased when 40 days PI sera was used, 
and a total of 13 antigenic polypeptides were detected (Table 3). 
The antigenic polypeptide scenario changes with the development of parasite. In 8 days 
old worms which is mainly characterized by evagination and proliferation of anlagen, 2 and 5 
antigens were detected with 4 and 8 days PI sera respectively. A maximum of 11 antigenic 
polypeptides were recognized by 24 days PI sera, followed by 9 antigens with 40 days PI sera 
( Table 3). 
The soluble proteins of 16 days old worm (characterized by segmentation and appearance 
of genital rudiments ) revealed comparatively higher number of antigenic polypeptdies. A total 
of 5, 8, 5 and 15 antigenic polypeptides were recognized by 4, 8, 16 and 24 days PI sera 
respectively. Thereafter the number of antigenic polypeptides decreased with 32 days PI sera, 
but again increased when 40 days PI sera was used, and 7 & 12 antigenic polypeptides were 
detected respectively (Table 3). 
Antigen preparation of 24 days old worms which have developed almost all the vital 
organs surprisingly showed no or very weak antigenic response with 4 and 8 days PI sera. 
Moreover 24 days PI sera detected only two antigens, while 16 and 32 days PI sera recognized 
one antigen each and a maximum of 3 antigens were detected with 40 days PI sera. It is evident 
fi-om these results that 24 days old worms show comparatively much lower number of antigenic 
polypeptides with different PI sera used in the present study (Table 3). 
Similarly soluble proteins of 32 days old parasite which possessed well developed reproductive 
organs and immature hexacanths, showed no antigenic polypeptides with 4 days PI sera, whereas one 
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PIate:3 Immunoblot of difFerent developmental stages of E.granulosus. 
K, L , M , and N represent atero, 8, 16 and 24 days stages of 
the worm respectively. 0, A, B, C, D, E and F represent 
control, 4, 8, 16, 24, 32 and 40 days PI sera respectively, 
Vk'hile arrow indicate the potential antigen. 
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Plate:4 Imiiiunoblot of different developmental stages of E.granulosus 
Q and R represent 32 and 40 da>s stages of the worm respe 
ctively. Ab, 0, A, B, C, D, E and F represent absorbed, 
control, 4, 8, 16, 24, 32 and 40 days PI sera respetively, 
while arrow indicate tlie potential antigen. 
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Table: 3 - Total number ofantigenic polypeptides of different developmental stages as revealed by 
various post infection sera. 
Developmental 
Stages 
Protoscoleces 
8 days worm 
16 days worm 
24 days worm 
32 days worm 
40 days worm 
Post infection sera (in days) 
4 
3 
2 
5 
0 
0 
1 
8 
5 
5 
8 
0 
1 
3 
16 
6 
7 
5 
1 
1 
3 
24 
20 
11 
15 
2 
8 
8 
32 
7 
3 
7 
1 
2 
1 
40 
13 
9 
12 
3 
6 
4 
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antigen was detected by both 8 and 16 days PI sera. The maximum antigenic polypeptides (8 antigens) 
were detected with 24 days PI sera followed by 40 days PI sera which revealed 6 antigenic com-
ponents (Table 3). 
Antigen preparation of 40 days adult worm which contained mature hexacanths, when 
tested with different PI sera revealed one antigen with 4 days and three antigenic polypeptides 
with both 8 and 16 days PI sera. A maximum of 8 antigens were detected with 24 days PI sera. 
Thereafter a sharp decline was noticed and 1 & 4 antigenic polypeptides were recognized by 
32 and 40 days PI sera respectively. The antigenic polypeptides of different developmental stages 
of the parasite as revealed by different PI sera are summarized in table 3 and figure 5. 
It is evident that the maximum number of antigenic polypeptides were recognized in the 
protoscoleces followed by 16 days and 8 days old worm. Moreover antigenicity of the parasite 
decreases wath the age and 24 days old worm showed minimum antigenic polypeptides followed 
by slight increase in the antigenicity in subsequent stages of development, indicating a gradual 
antigenic turnover during the development of parasite (Fig. 8, Table 3). 
Moreover, when the data was analysed in relation to the stage specific polypeptides, 
it was observed that antibody response against specific polypeptides, synthesised at a particular 
stage can only be detected with the post infection sera collected after 4-8 days of development. 
This was fiirther supported by the fact that in 8 days old worms when apparent morphogenesis 
is initiated, the antibody response increased with 16 days PI sera. Similarly 16 days old worms 
characterized by reconfiguration of microtriches and appearance of genital rudiments, showed maximiun 
antibody response with 24 days PI sera. Hereafter antibody response declined and showed a sustained 
pattern (Fig 9). 
In the foregoing results, when antigen of different development il stages were screened with 
the circulating IgG, collected at different days of post infections, an interesting pattern was noticed. 
The maximum antigens were recognized by 24 days post infection sera in all the developmental stages 
(Fig. 9 Table 3). It was fiirther observed that molecular weight of the antigenic polypeptides ranged 
from <29 to >205 kDa (Table 4). Majority of the antigenic polypeptides were identified in the low 
molecular weight range (< 29 to 66 kDa), while one and 3 antigenic polypeptides with molecular 
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Fig . 8 - Total number of antigens of different developmental stages as 
detected by different PI sera. 
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weight of > 205 kDa were detected in 32 and 40 days old worms respectively. 
As mentioned above, during development of the parasite not only the antigenic polypeptides 
showed variation but also the circulating antibodies showed considerable differences in recognition of 
antigen of particular stage. The individual antigenic polypeptides of a particular stage as recognized 
by circulating antibodies of different PI sera, are given in flow diagrams (Fig. 10-15). It is evident 
that some antigens are weak and some are strong. Besides this, in many cases with the passage of 
time the recognition ability of the circulating antibodies also changes. In many instances a particular 
antigenic polypeptide is recognized by only early PI sera but not by aged PI sera. 
Analysis of data presented in figure 10-15, revealed four antigenic polypeptides (136, 70-75, 
60-62,45 kDa) which seems to have some immunodiagnostic potential. Antigenic polypeptides with 
apparent molecular weight of 136 kDa were recognized mostly by early infection sera (4, 8, 16, 
24 days PI sera) in 0, 8 and 16 days stage of the worm. However in silver stained electropherogram 
it was visualized only in 16 and 24 days old worm, tins differences may be due to sensitivity of the 
method. The 70-75 kDa antigenic polypeptide which was present in all the developmental stages, 
(as seen in silver stained electropherogram) showed antigenicity only up to 24 days stage of post 
infection sera. It is evident that these two polypeptides were recognized by sera collected at early 
phase of infection, although they may or may not be detected by silver staining in all the developmental 
stages of the worm. 
The most promising polypeptides are of 60-62 and 45 kDa present in all the developmental 
stages as also revealed by silver stained electropherogram ( Plate 3, 4 & Fig. 10-15) and mostly 
recognized by the sera collected from 16 to 40 days post infections. This group of polypeptides seems 
to be potential antigen as the antibodies developed at 16 days stage continues to persist in remaining 
f)eriod of post infection understudy. 
It can be concluded after computing and analysing the data of polypeptide profile of various 
stages of development and their immunoblot results, that 136 and 70-75 kDa antigenic polypeptides 
could be used for diagnosis of early phase of infections while 60-62 and 45 kDa antigen could be 
used for the diagnosis of late phase of E. granulosus infection. 
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Table: 4 - Total number of antigens of various developmental stages and their range of apparent 
molecular weight. 
Molecular weight 
range in kDa 
<29 
29-45 
46-66 
67-97 
98-116 
117-205 
>205 
Protoscoleces 
8 
16 
16 
7 
3 
4 
0 
Developmental stages (in days) 
8 
6 
14 
13 
1 
0 
2 
0 
16 
6 
16 
13 
6 
5 
6 
0 
24 
0 
3 
2 
1 
1 
0 
0 
32 
2 
4 
6 
4 
1 
0 
1 
40 
3 
7 
4 
1 
1 
1 
3 
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Fig: 10- The presence ( ) and absence ( ) of antigenic polypeptides of protoscoleces as 
identified by various PI sera 
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Fig: t l - The presence ( ) and absence ( ) of antigenic polypeptides of 8 days old worm 
as identified by various PI sera. 
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Fig: 12* The presence ( ) and absence ( ) of antigenic polypeptides of 16 days old worm 
as identified by various PI sera 
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Fig: 13- The presence ( ) and absence (-
as identified by various PI sera. 
-) of antigenic polypeptides of 24 days old worm 
110 
lOOH 
I 90f 
f* 80 
•2 70 
o 
"5 
60 
50-
AO-
30 
<2 ? 
8 16 2A 32 AO 
Different post infection ( P I ) sera (indays) 
92 
Fig: 1A- The presence ( ) and absence (-
as identified by various PI sera. 
-) of antigenic polypeptides of 32 days old worm 
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Fig: 15" The presence ( ) and absence ( ) of antigenic polypeptides of 40 days old worm 
as identified by various PI sera 
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Chapter - II Sub-cellular localization of stage specific gene products. 
In the previous chapter stage specific gene products of different developmental stages was 
investigated and a large number of polypeptides were resolved. However considering variety 
of tissue systems of metazoan parasites, these polypeptides are only a few among the thousands of 
proteins. Therefore keeping in view the possibility of overlapping of polypeptides having identical 
molecular weights but different nature, thus a technique was needed which would enable discrimination 
between these polypeptides in terms of their sub-cellular origin. Therefore parasite proteins were 
partially purified by fi-actionating into the surface plasma membrane and different subcellular compart-
ments viz. internal cellular membrane, nuclear, mitochondrial, microsomal and cytosolic flections. 
It is expected that sub-cellular fractionation may also reveal minor gene products associated 
with different compartments. Different developmental stages of £. granulosus were subjected to sub-
cellular fractionation and thereafter the surface membranes and different organelles were characterized 
by biochemical and enzymatic markers. 
Enzymatic and biochemical characterization of sub-cellular fractions: 
In order to ascertain the isolation and purit>' of sub-cellular fractions, some biochemical and 
enzymatic markers of specific fraction were assayed. The results are summarized in Tables 5-8. 
(a) Surface plasma membranes: 
The surface plasma membrane of the parasite was isolated by using non ionic detergent Triton 
X 100. The purity of membrane preparations was monitored by various membrane bound enzymes, 
while cytosolic and mitochondrial contaminations were checked by the assay of LDH and SDH 
respectively. The level of these enzymes were found to be quite low in the membrane isolates indicating 
appreciable purity of the membrane preparation. 
The results of various membrane bound enzymes of different developmental stages are given 
in Tables 5-8. It is evident that among the various enzymes, the maximum activity of alkaline phos-
phatase followed by ATPase was observed in all the developmental stages v^th the exception of 16 
days old worm and hence alkaline phosphatase can be used as specific enzyme marker for SPM of 
E. granulosus. In addition to this, the appreciable level of acid phosphatase, 5' nucleotidase and 
y-glutamyl transpeptidase revealed that Triton X-100 does not adversely affect the enzymes and is 
a safe detergent for the isolation of SPM. Among the various enzymes of surface plasma membrane. 
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Table: 5- Distribution of enzymes and DNA in different sub-cellular fractions of protoscoleces. 
Enzymes/ 
Biochemical 
Markers 
Lactate 
dehydrogenase*^ 
Succinic 
dehydrogenase* 
Acid 
phosphatase* 
Alkaline 
phosphatase* 
Adenosme 
triphosphatase* 
S'Nucleotidase* 
y -Glutamyl 
transpeptidase* 
DNA« 
H 
5.78 
±0.04 
13.30 
±0.82 
1.48 
±0.01 
3.48 
±0.01 
1.91 
±0.01 
0.19 
±0.01 
1.09 
±0.01 
1.24 
±0.02 
SPM 
2.00 
±0.06 
3.00 
±0.02 
6.18 
±0.01 
35.97 
±2.33 
12.43 
±0.02 
0.61 
±0.01 
1.54 
±0.01 
Sub cellular fractions 
ICM 
3.18 
±0.01 
5.50 
±0.29 
5.04 
±0.28 
8.02 
±0.01 
125.32 
±7.63 
0.14 
±0.04 
0.01 
±0.00 
N 
5.00 
±0.02 
2.1 
±0.01 
5.07 
±0.01 
6.00 
±0.01 
3.60 
±0.04 
3.93 
±0.04 
1.03 
±0.02 
43.01 
±3.70 
Mt 
2.50 
±0.01 
129.80 
±3.31 
7.77 
±0.02 
12.12 
±0.02 
2.28 
±0.04 
0.121 
±0.01 
1.49 
±0.03 
0.06 
±0.00 
Mc 
4.82 
±0.07 
2.40 
±0.02 
8.44 
±0.56 
18.81 
±0.98 
93.20 
±4.31 
0.43 
±0.06 
2.30 
±0.00 
Cyt 
16.20 
±0.05 
7.78 
±0.02 
0.34 
±0.02 
0.87 
±0.04 
3.94 
±0.13 
0.05 
±0.00 
0.02 
±0.00 
H, Total worm Homogenate; SPM, Surface plasma membrane; ICM, Internal cell membrane; N, 
Nuclear; Mt, Mitochondrial; Mc, Microsomal; Cyt, Cytosolic. 
-•-n mole NADH oxidise/mg protein/min. 
* u gm pnp liberated/mg protein/min. 
• u gm Pi released/mg protein/min. 
-An mole p-nitroaniline liberated/mg protein/min. 
Omg DNA/gm total or nuclear protein. 
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Table: 6 - Distribution of enzyme and DNA in different sub-cellular fractions of 16 days old worm 
Enzymes/ 
Biochemical 
Marker 
Lactate 
dehydrogenase"*^ 
Succinic 
dehydrogenase* 
Acid 
Phosphatase* 
Alkaline 
Phosphatase* 
Adenosin 
triphosphatase* 
5' Nucleotidase* 
Y -Glutamyl 
transpeptidase* 
DNA° 
H 
9.88 
±0.1 
13.67 
±0.31 
1.94 
±0.01 
90.24 
±2.05 
177.22 
±7.02 
10.38 
±0.41 
1.83 
±0.02 
1.36 
±0.20 
SPM 
3.02 
±0.03 
4.53 
±0.04 
1.48 
±0.01 
185.98 
±6.05 
405.33 
±9.03 
120.61 
±5.68 
23.90 
±0.01 
Sub-cellular fractions 
ICM 
3.29 
±0.16 
5.39 
±0.41 
1.54 
±0.02 
22.68 
±0.06 
103.41 
±3.62 
11.91 
±0.41 
1.31 
±0.02 
N 
0.81 
±0.04 
5.67 
±0.05 
1.98 
±0.01 
34.55 
±0.06 
43.24 
±3.41 
34.01 
±0.36 
0.82 
±0.02 
44.81 
±2.67 
Mt 
8.68 
±0.6 
137.36 
±8.91 
1.72 
±0.02 
27.94 
±0.06 
39.29 
±0.67 
8.67 
±0.06 
0.70 
±0.02 
0.11 
±0.02 
Mc 
3.01 
±0.04 
3.37 
±0.05 
1.67 
±0.02 
35.35 
±0.04 
31.13 
±0.46 
143.71 
±9.39 
0.35 
±0.01 
Cyt 
51.09 
±0.83 
4.16 
±0.05 
0.54 
±0.01 
6.53 
±0.01 
19.67 
±0.61 
4.49 
±0.63 
0.30 
±0.01 
H, Total worm Homogenate; SPM, Surface plasma membrane; ICM, Internal cell membrane; N, 
Nuclear; Mt, Mitochondrial; Mc, Microsomal; Cyt, Cytosolic. 
-fn mole NADH oxidise/mg protein/min. 
*u gm pnp liberated/mg protein/min. 
• u gm Pi released/mg protein/min. 
•A^n mole p-nitroaniline liberated/mg protein/min. 
Omg DNA/gm total or nuclear protein. 
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Table: 7- Distribution of enzymes and DNA in different sub-cellular fiactions of 24 days oldworm. 
Enzymes/ 
Biochemical 
Marker 
Lactate 
dehydrogenase* 
Succini 
dehydrogenase* 
Acid 
Phosphatase* 
Alkaline 
Phosphatase* 
Adenosin 
triphosphatase* 
5' Nucleotidase* 
Y -Glutamyl 
transpeptidase* 
DNAo 
H 
8.95 
±0.01 
12.86 
±0.40 
4.58 
±0.01 
78.10 
±0.40 
11.43 
±1.40 
3.37 
±0.1 
3.64 
±0.04 
1.49 
±0.21 
SPM 
2.36 
±0.04 
3.89 
±0.20 
2.78 
±0.01 
204.02 
±0.71 
145.13 
±5.60 
48.09 
±3.70 
9.40 
±0.03 
Sub-cellular fractions 
ICM 
2.06 
±0.60 
4.34 
±0.2 
3.02 
±0.01 
19.29 
±0.07 
2.13 
±0.02 
N 
0.9 
±0.01 
4.10 
±0.3 
2.61 
±0.01 
27.13 
±0.06 
1.02 
±0.02 
48.07 
±4.31 
Mt 
4.21 
±0.70 
134.28 
±9.02 
1.87 
±0.02 
17.04 
±0.06 
0.62 
±0.01 
0.12 
±0.02 
Mc 
2.39 
±0.20 
4.61 
±0.67 
3.01 
±0.01 
42.18 
±0.09 
0.57 
±0.02 
Cyt 
47.02 
±0.77 
3.42 
±0.04 
1.23 
±0.01 
11.08 
±0.04 
0.34 
±0.01 
H, Total worm Homogenate; SPM, Surface plasma membrane; ICM, Internal cell membrane; N, 
Nuclear; Mt, Mitochondrial; Mc, Microsomal; Cyt, Cytosolic. 
-f n mole NADH oxidise/mg protein/min. 
*u gm pnp liberated/mg protein/min. 
• u gm Pi released/mg protein/min. 
•itn mole p-nitroaniline liberated/mg protein/min. 
Omg DNA/gm total or nuclear protein. 
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Table: 8- Distribution of enzymes and DNA in different cub-cellular fractions of adult worm. 
Enzymes/ 
Biochemical 
Marker 
Lactate 
dehydrogenase* 
Succinic 
dehydrogenase"*^ 
Acid 
phosphatase* 
Alkaline 
phosphatase* 
Adenosin 
triphosphatase* 
5' Nucleotidase* 
y -Glutamyle 
transpeptidase* 
DNA° 
H 
10.01 
±0.04 
15.3 
±0.02 
16.14 
±0.02 
69.01 
±6.04 
7.23 
±0.01 
5.14 
±0.02 
0.683 
±0.01 
1.71 
±0.12 
SPM 
2.80 
±0.02 
5.45 
±0.04 
9.53 
±0.01 
208.63 
±11.30 
29.37 
±0.01 
18.71 
±0.23 
3.84 
±0.02 
Sub-cellular fractions 
ICM 
11.04 
±0.02 
10.03 
±0.02 
8.44 
±0.01 
15.86 
±0.02 
23.12 
±0.02 
13.73 
±0.04 
206 
±0.01 
N 
0.53 
±0.01 
7.80 
±0.02 
7.99 
±0.02 
23.05 
±0.02 
14.87 
±0.02 
2.39 
±0.02 
1.85 
±0.01 
47.21 
±7.03 
Mt 
8.35 
±0.01 
225.08 
±10.07 
2.93 
±0.01 
16.97 
±0.01 
4.20 
±0.01 
5.59 
±0.02 
2.94 
±0.02 
0.13 
±0.02 
Mc 
3.62 
±0.04 
1.41 
±0.01 
6.41 
±0.02 
36.14 
±0.01 
9.36 
±0.0] 
18.76 
±0.06 
0.233 
±0.01 
Cyt 
38.02 
±0.71 
1.21 
±0.02 
3.94 
±0.01 
6.23 
±0.02 
2.43 
±0.01 
2.01 
±0.02 
0.01 
±0.00 
H, Total worm Homogenate; SPM, Surface plasma membrane; ICM, Internal cell membrane; N, 
Nuclear; Mt, Mitochondrial; Mc, Microsomal; Cyt, Cytosolic. 
4-n moleNADH oxidise/mg protein/min. 
* u gm pnp liberated/mg protein/min. 
• u gm Pi released/mg protein/min. 
T^Vn mole p-nitroaniline liberated/mg protein/min. 
Omg DNA/gm total or nuclear protein. 
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the level of alkaline phosphatase gradually increases during the transformation of larval stage to the 
adult stage and hence the maximum activity was detected in the membranes of the adult worm. The 
activities of adenosine triphosphatase, 5'nucleotidase and g-glutamyl transpeptidase were maximum in 
16 days old worms, thereafter significantly decreased (p < 0.001) in the subsequent stages of de-
velopment (Tables 5-8). 
The above mentioned data lead us to conclude that primary marker enzymes of surface plasma 
membrane is alkaline phosphatase and Triton X-100 at specified concentration is a safe detergent 
for isolation of surface plasma membrane. The acid phosphatase showed inconspicuous changes during 
the development, however the other three enzymes (ATPase, 5' NTDase, y-GTPase) showed an initial 
increase in early stage of development, but thereafter decreased in the later stages of development. 
(b) Sub-cellular compartments: 
After the isolation of surface plasma membrane, the carcasses were homogenized and other 
sub-cellular compartments like, intemal cell membrane (ICM), nuclear, mitochondiral, microso-
mal and cytosolic fractions were isolated by differential centrifugation technique. The purity of 
different fractions was also checked by specific enzymatic and biochemical markers. Intemal cell 
membranes showed compaiatively higher activity of adenosine triphosphatase than other enzymes. 
The maximum ATPase activity was observed in the larval stage which gradually decreased during the 
development but remained at higher level than the other enzymes and hence considered as primary 
marker enzyme for ICM. The other membrane bound enzymes (Alk Pase, S'NTDase, and y-GTPase) 
showed gradual and significant increase (p < 0.001) in then- level during the transformation of larval 
to adult stage of the parasite (Table 5-8). 
It is interesting to note that SPM and ICM fractions which were isolated by the use of 
detergent and by differential centrifugation at 3000 x g respectively showed differences in their primary 
marker enzymes. The former has alkaline phosphatase and the later has ATPase as their marker 
enzymes. 
The enrichment of nuclear fraction was monitored by DNA quantitation and it is evident 
from Tables 5-8, that DNA concentration is remarkably higher in nuclear fraction as compared to 
total homogenate and mitochondiral fractions indicating the purity of nuclear fraction. During the 
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development of the worm, statistically insignificant (> 0.05) differences were observed among the other 
developmental st^es of the parasite. Remarkably higher activities of SDH in the mitochondiral fiactions 
of different developmental stages highlight the purity o" mitochondrial preparation. The level (rf SDH 
significantly increased during the transformation of larval to adult stage of the parasite and hence 
maximum activity was detected in aduh worm. While the transitional stages of the worm (16 and 24 
days) show statistically insignificant (>.05) difference in the SDH activity. 
The microsomal fraction of larval stage showed maximum activity of ATPase followed by 
alkaline and acid phosphatase and y-glutamyl transpeptidase. The microsomal fractions of 16 and 24 
days old worm, show inconsistent results for most of the enzymes tested. However in the aduk worm 
conspicuous mcrease of 5'NTDase and Alkaline phosphatase was observed. Moreover comparatively 
higher activity of LDH in cytosolic fraction provides clear evidence of its purity. 
Sub-Cellular localization of stage specific polypeptides: 
The partially purified sub-cellular compartments of different developmental stages were 
suljected to SDS-PAGGE. Considering the variable nature of polypeptides, gels were stained with 
coomassie brilliant blue and silver staining techniques. As mentioned earlier, due to different 
sensitivity and specificity of the two staining techniques towards the different proteins, polyp-
eptides of different molecular weights were detected. The electropherograms of coomassie and 
silver stained gels are presented in Plates 5-8. The total number of polypeptides of subcellular fiactions 
of different developmental stages are also presented in Tables 9 and 10. 
As can be seen from the electropherograms, it is difficult to highlight the absolute similarity 
and diversity due to the enormous number of polypeptides resolved in different as well as in 
same fractions of differental developmental stages. Unfortunately limited facilities of Laser gel 
scanner and non availability of the purposeful Software, the comparision of the profile was made 
manually. For convenience CBB and silver stained gels were explained separately. 
Coomassie Blue stained polypeptides: 
The polypeptides of different compartments stained by CBB revealed approximately ax times 
more polypeptides as compared to total homogenate of developmental stages (Table 9). The analysis 
of the polypeptides profile of different fiactions during the course of development revealed ftat some 
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Plate:5- Gradient SDS polyacrylamide gel electrophoresis of proto^ c 
oleces. A and B represent Coomassie and Silver stained 
electropherograms respectively. Arrows indicate some charac 
teristic polypeptides. 
Key: 
H 
S P M 
N 
I C M 
M t 
M c 
Cyt 
Total worm homogenate 
Surface Plasma membrane 
Nuclear 
Internal Cell Membreine 
Mitochondrial 
Microsomal and 
Cytosolic fraction 
1 
205^ 
116^  
66^ 
451 
294 
mA^ g ^ 
H SPM N ICM Mt Mc Cyt 
92 
J 
PIate:6- Grad ien t S D S po lyac ry lamide gel e lectrophoresis o f 16 days 
old worm. A and B represent Coomass ie and Silver s ta ined 
e lec t ropherograms respectively. Ar rows indicate s o m e c h a r a c 
ter is t ic polypeptides. 
Key: 
H - Total wv Tn h o m o g e n a t e 
S P M - Surface P l a s m a m e m b r a n e 
N - Nuclear 
ICIM - Internal Cel l M e m b r a n e 
M t - Mi tochondr ia l 
M c - Mic rosoma l a n d 
Cyt - Cytosol ic fract ion 
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Plate:?- Gradient SOS polyacrylamide gel electrophoresis of 24 days 
old worm. A and B represent Coomassie and Silver stained 
electropherogreims respectively. Arrows indicate some charac 
teristic polypeptides. 
Key: 
H - Total worin homogenate 
SPM - Surface Plasma membrane 
N - Nucleai 
ICM - Internal Cell Membreine 
Mt - Mitochondrial 
Mc - Microsomal and 
Cyt - Cytosolic fraction 
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Plate:8- Gradient SDS polyacrylamide gel electrophoresis of 40 days 
old adult worm. A and B re^jresent Coomassie and Silver 
stained electropherograms respectively. Arrows indicate some 
chaiacteristic polypeptides. 
Key: 
H - Total worm homogenate 
SPM - Surface Plasma membrane 
N - Nuclear 
ICM - Internal Cell Membrane 
Mt - Mitochondrial 
IVIc - Mic rosomal a n d 
Cyt - Cytosolic fraction 

Table: 9 - Total number of polypeptides of different sub-cellular compartments of develop-
mental stages of £. granulosus as revealed by CBB R 250 staining. 
Developmental 
stages 
Protoscoleces 
16 days 
24 days 
40 days 
H 
36 
39 
35 
38 
SPM 
29 
28 
26 
28 
Sub-cellular fractions 
ICM 
38 
35 
36 
42 
N 
41 
35 
38 
38 
Mt 
42 
34 
30 
40 
Mc 
42 
31 
41 
45 
Cyt 
45 
35 
39 
42 
H, Total worm Homogenate; SPM, Surface plasma membrane; ICM, Internal cell membrane; N, 
Nuclear; Mt, Mitochondrial; Mc, Microsomal; Cyt, Cytosolic. 
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Table: 10 - Total number of polypeptides of different sub-cellular fractions of developmental 
stages of E. granulosus as revealed by silver staining. 
Developmental 
stages 
Protoscoleces 
16 days 
24 days 
40 days 
H 
49 
58 
51 
62 
SPM 
24 
42 
31 
27 
Sub cellular fraction 
ICM 
56 
48 
40 
44 
N 
55 
56 
54 
41 
Mt 
58 
51 
41 
42 
Mc 
59 
51 
52 
48 
Cyt 
65 
50 
46 
54 
H, Total worm Homogenate; SPM, Surface plasma membrane; ICM, Internal cell membrane; N, 
Nuclear; Mt, Mitochondrial; Mc, Microsomal; Cyt, Cytosolic. 
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polypeptides are highly specific to a particular compartment at a particular phase of development. The 
apparent molecular weights of such specific polypeptides are listed in Table 11. It can be seen that 
the polypeptide profile of individual fraction showed a high degree of turnover during the development. 
In the surface plasma membrane, three characteristic polypeptides with molecular weight of 44,40 
and < 29 kDa were detected in the protoscoleces which disappeared during the course of de-
velopment. The number of specific polypeptides increased and five new polypeptides with molecular 
weight of 105, 50, 48, two < 29 kDa and 97, 45, 42 and two < 29 kDa appeared in 16 and 
24 days old worm respectively. Similarly polypeptides with molecular weight of 65,49,30, and two 
< 29 kDa were found specific to the surface plasma membranes of the adult worm (Table 11). 
The internal cell membrane (ICM) revealed only one major specific polypeptide with molecular 
weight of 92 kDa in the larval stage, which disappeared in the 16 days old worm. Further, polypeptides 
with molecular weight of 29 and < 29 kDa were specifically detected in the 24 days old worm, these 
polypeptides disappear with the age of worm and no major specific polypeptide was detected in 
the adult stage (Table 11). 
In the nuclear fraction eight specific polypeptides witi molecular weight of 80, 75, 29, 
and five < 29 kDa were detected in the protoscoleces. The number of specific polypeptide 
decreases to three in the 16 days old worm which is due to the disappearance of 80, 75, 29, 
four < 29 kDa polypeptides and appearance of 85, 40, and one < 29 kDa polypeptide. Nuclear 
compartment of 24 days old worm show a very prominent specific polypeptide with molecular 
weight >205 kDa alongwith two specific polypeptides with molecular weight 54 and < 29 kDa 
(Plate 7, Lane N). Moreover, polypeptide with Mr > 205 kDa disappeared with the age of worm 
and two new polypeptides having molecular weight of 45 and one < 29 kDa appeared in the 
aduh stage (Table 11). 
In the mitochondrial fractions no major specific polypeptide was observed in the protos-
coleces, however in the 16 days old worm two polypeptides with molecular weight of 55 and 
48 kDa were detected which disappeared in the 24 days old worm and two new polypeptides 
with apparent molecular weight of 46 & 34 kDa appeared. The adult mitochondrial protein 
showed a very prominent 58 kDa polypeptide which constitutes approximately 15 % of total protein 
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Table: 11 - Apparent molecular weights (kDa) of stage specific polypeptides of sub-cellular 
fractions ofE. granulosus as revealed by CBB R 250. 
Sub-cellular 
fractions 
SPM 
ICM 
N 
Mt 
Mc 
Cyt 
0 days 
44, 40, <29 
92 
80, 75,29, (5) <29 
-
140,I02,(1)<29 
75, 50,(1) <29 
Developmental stages 
16 days 
105,50,48,(2)<29 
-
85,40,(1)<29 
55,48 
102, 67, 53, 50, 47, 
38, 32, (2) <29 
85, 46, 36, 34, 29, 
(1)<29 
24 days 
97,45,42 (2) <29 
29,(1)<29 
(1)>205,54,(1)<29 
46,34 
48, (3) <29 
56 
40 days 
65,49, 30 (2) <29 
-
45,(1)<29 
58 
50. <29 
75, 58,53, 40 
SPM, Surface plasma membrane; ICM, Internal cell membrane; N, Nuclear; Mt, Mitochondrial; 
Mc, Microsomal; Cyt, Cytosolic. 
Values in paranthesis is number of polypeptides. 
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(Plate 8, Lane Mt). In the microsomal fraction, specific polypeptides also showed variation with the 
development of the parasite. In the larval stage polypeptides with Mr 140,102 and < 29 kDa were 
found specific while in 16 days old worm 9 specific polypeptides with molecular weight of 102,67, 
53,50,47,38,32 and two < 29 kDa were resolved. The number of specific polypeptides decreased 
in the 24 days old worm and four polypeptides with moleculae weight of 48 and three < 29 kDa 
were observed which are replaced by two new polypeptides with Mr 50 and one < 29 kDa in the 
adult stage. 
Similarly cytosolic fraction showed a lot of variation in its specific polypeptides. Three polypep-
tides having molecular weight of 75, 50 and < 29 and six polypeptides with molecular weights of 
85, 46, 36, 34, 29 and < 29 kDa were found specific to protoscoleces and 16 days worms re-
spectively. Further, only one specific polypeptide with Mr 56 kDa was detected in 24 days old worm 
which disappeared with the age of worm and four new polypeptides having molecular weights of 75, 
58, 53 and 40 kDa were detected in the adult stage. 
(b) Silver stained polypeptides: 
Analysis of the electropherogram revealed that silver staining being more sensitive, resolved 
much higher number of polypeptides in various fractions of different developmental stages (Table 10). 
The maximum and minimum polypeptides were detected in cytosolic fraction and surface plasma 
membrane respectively. On comparing the results, it is evident that some polypeptides are either specific 
to individual fractions or specific to a particular developmental stage, besides the common polypeptides. 
The molecular weight of specific polypeptides of various fractions of different developmental stages 
are given in Table 12. 
It is evident from the results that coomassie brilliant blue and silver staining detect some 
specific polypeptides which are largely different from each other. However few specific polypep-
tides were commonly detected by coomassie as well as silver staining. In the surface plasma membrane, 
polypeptides with molecular weight of 48, 97 and 49 kDa were commonly detected by both the 
staining techniques in 16,24 and 40 days old worms respectively. In internal cell membrane fraction, 
a polypeptide with molecular weight of 92 kDa was commonly visualised by both the staining techniques 
in protoscoleces. Similarly nuclear polypeptides of protoscoleces with molecular weight of 75 kDa 
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Table: 12 - Apparent molecular weight (kDa) of stage specific polypeptides of sub-cellular of E. 
granulosus as revealed by silver staining. 
Sub-cellular 
flections 
SPM 
ICM 
N 
Mt 
Mc 
Cyt 
Developmental stages 
0 days 
<29,64,66, 68 
<29,49.5, 50, 92, 
104, 108, 126 
<29, 52, 59, 62, 75, 
126 
45,60,61,92,102, 
130 
51,71,85,102,108, 
116 
<29,38,51.5,62, 
63,106,129 
16 days 
<29,32.5,34,35, 36, 
48, 58, 74, 85, 90, 
120,140,160,205 
<29,34.5, 35, 80 
<29, 31, 68, 80,98, 
205 
<29, 35, 35.5,80,90, 
98, >205 
<29,35,50, 80, 98, 
>205 
<29,29,35.5,93, 
160 
24 days 
<29, 37, 53.5, 63, 78, 
97,124,132 
52 
<29, 45, 54, 76, 99, 
104, >205 
73,106 
<29,45.5, 73,105 
<29, 52, 81,87, 
110,125 
40 days 
<29,49,116 
30 
36.5, 69 
<29,31.5,58 
<29,62,92,135 
<29,32.5,50, 
64,124 
SPM, Surface plasma membrane; ICM, Internal cell 
Mc, Microsomal; Cyt, Cytosolic. 
membrane; N, Nuclear; Mt, Mitochondrial; 
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were commonly detected. Besides this, two polypeptides of nuclear fraction with molecular weight 
>205 and 54 kDa in 24 days stage, showed common affinity for both commassie as well as silver 
staining. Further, mitochondrial polypeptides of 40 days adult worm having molecular weight of 58 
kDa was commonly detected by both the staining techniques. In addition to this, a polypeptide with 
102 kDa molecular weight in the microsomal fraction of protoscoleces and 36 kDa cytosolic polypep-
tides of 16 days old worm showed common affinity for coomassie as well as silver stains. Analysis 
of results fiirther revealed that a number of surface membrane polypeptides including polypeptides with 
molecular weight of 40, 45, 50, kDa were negatively stained by silver staining. Moreover, some 
polypeptides with different or identical molecular weight showed variable coloured staining particularly 
in the low molecular weiglit range. Such colour variations are expected, because the technique of silver 
staining used in the present study, can stain the polypeptides in different colours due to their chemical 
nature (Sammon el al-, 1981). 
Sub-cellular localization of completely and partially conserved polypeptides: 
Since the silver staining is highly sensitive and detect comparatively higher number of 
polypeptides than coomassie staining, therefore silver stained electropherogram was analysed in detail. 
When the data of polypeptide profile of each fraction were analysed with respect to the developmental 
biology of the parasite, a unique pattem was obtained. Individual fractions showed varying degree 
of polypeptide turnover during the development of the worm. The polypeptides of each fraction with 
respect to the development are classified into following six groups: 
(A) Polypeptides which are present in all the developmental stages (0, 16, 24 and 
40 days) are referred as conserved polypeptides. 
(B) Polypeptides which are present only in 0 and 16 days old worms are referred 
as early stage polypeptides. 
(C) Polypeptides which are present in 0, 16 and 24 days old worms, are hereafter 
called as early to middle stage polypeptides. 
(D) Polypeptides which are present in 16 and 24 days old worms are called as middle 
stage polypeptides. 
102 
(E) Polypeptides which are present in 16, 24, and 40 days old worms are designated 
as middle to mature stage polypeptides. 
(F) Polypeptides present in 24 and 40 days old worms are called as mature stage 
polypeptides. 
The classified group of polypeptides with their apparent molecular weights are presented in 
Tables 13-15, and the total polypeptides of an individual sub-cellular fiaction of different developmental 
stages are presented in the form of line diagrams (Fig. 16-21) in order to examine the presence or 
absence of a particular polypeptide in a fraction during the course of development. These diagrams 
will be useful to ascertain the dynamic nature of polypeptides and their turnover. 
Surface plasma membranes: 
The surface plasma membrane of cestode parasites is a metabolically active frontier 
where transmembranosis, immunological and physiological interactions are attributed. This fraction 
contains intrinsic and extrinsic proteins and extensive polypeptide turnover has been observed 
(Table 13, Fig. 16.). A total of five major conserved polypeptides (A) with Mr < 29, 31, 33.5, 37-
38, 39 kDa were detected, while the early stage (B) of development revealed three characteristic 
polypeptides having Mr < 29,43,44 kDa. Similarly in early to middle stage (C) of development of 
seven polypeptides have been detected. As mentioned earlier, the middle stage (D) of development 
of parasite revealed maximum enzymatic activity in the membrane fraction, interestingly four newly 
synthesized polypeptides (Mr two < 29, 36.5,41-42 kDa) were also detected in the middle stage 
of the parasite. Further, only one polypeptide with molecular weight 31-32 kDa was detected for 
middle to mature stage (E) of the worm. The presence of two specific polypeptides in the mature 
stage (F) of parasite clearly indicates that membrane turnover also occur during the late stage of the 
development (Table 13 and Fig. 16). 
Internal cell membrane: 
Internal cell membrane fraction, revealed 14 conserved polypeptides (A) having molecular 
weight of < 29 to 110 kDa. The molecular weight of individual polypeptides are listed in Table 
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Table: 13 - Apparent molecular weight (kDa) of completely and partially conserved polypep-
tides of surface plasma membrane and intamal cell membrane during the develop-
ment ofE. granulosus. 
Group of 
Polypeptides 
A 
B 
C 
D 
E 
F 
Sub cellular fraction 
Surface Plasma membrane 
<29, 31, 33.5, 37-38, 39 
< 29, 43, 44 
(3) <29, 35.0, 45-46, 52-53, 54-55 
(2) < 29, 36.5, 41-42 
31-32 
52,112 
Internal Cell membrane 
(4) < 29, 29,31,32, 34, 37.5, 51, 58, 78, 
82,110 
(5) <29, 31.5,36.5, 39, 42, 49, 95 
41-42, 43-44, 63 
53,98 
<29, 47-48, 74-75 
< 29, 38, 45, 55, 60, 66, 75, 88, 132 
A - Conserved polypeptides present in all (0, 16, 24, 40 ) stages; B - Early stage (0-16) polypep-
tides; C - Early to middle stage (0,16, 24) polypeptides; D - Middle stage (16-24) polypeptides; E 
Middle to mature stage (16, 24,40) polypeptides; F - Mature stage (24-40) polypeptides. 
- Value in paranthesis is number of polypeptides. 
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Fig: 16- The presence ( ) and absence ( ) of polypeptides of surface plasma membrane 
during the development. 
o 
n 
C 
5" 
f 
(5' 
3-
5 
o 
'*"* 
205 
160-
150-
1«0-
»30-
120-
110-
100-
90-
80^ 
70 J 
60 
50-
AO-
30 j 
<29 
^ 
• 
£ j y ; ; ^ ^ ^ ^ ^ r ; - ; , ^ ^ , . ^ ^ . ^ ^ . r ^ ^ ^ ^ _ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 
iJ't.i' _ - - - _ 1 -f^^-j^ 
1 1 1 1 1 
16 U Protoscoleces 
Different devetopmental stages ( in days) 
AO 
105 
13 and Fig. 17. The early stages (B) and early to middle stage (C) polypeptides showed qualitative 
and quantitative variations. In early stage 11 polypeptides with molecular weight of <29 to 95 kDa 
were found characteristic, v^le in early to middle stage of the parasite revealed only three polypeptides 
having molecular weight of 41-42,43-44 and 63 kDa. With the age of the worm the number of newly 
synthesized polypeptide drastically decreased. Subsequently two polypeptides with molecular weight 
of 53 and 98 kDa and three polypeptides < 29, 47-48, 74-75 kDa were detected in the middle 
stage (D) and in middle to mature stage (E) of the parasite respectively. Further the number of 
polypeptides again increased in the mature stage and a total of 9 polypeptides were resolved. 
The molecular weights of individual polypeptide and their turnover during the development is depicted 
in Table 13 & Fig. 17. 
Nuclear fraction: 
Nuclear fraction mostly consisted of nucleoprotein and proteins of nuclear membranes, revealed 
maximum conserved proteins among different fractions and least polypeptides turnover during the 
development. However five and six polypeptides specific to early stage (B) and early to middle stage 
(C) were detected respectively. Contrary to the surface plasma membrane, nuclear flections revealed 
only three polypeptides ( Mr < 29, 74, 78 kDa) for the middle stages (D). Further one polypeptide 
with moleculr weight of <29 kDa was found specific for middle to mature (E) stages of the parasite. 
The number of specific polypeptides increases and a total of nine polypeptides were detected for 
mature stage (F) of the parasite. The molecular weight of individual polypeptides and their turnover 
during the development is given in Table 14 and Fig. 18. The polypeptides turnover during early 
and mature stages of parasite may be due to some nuclear enzymes which are synthesized at these 
stages of development. 
Mitochondrial fractions: 
Mitochondria is an important organelle responsible for metabolic activities of the parasite. The 
mitochondrial biogenesis during the development of the parasite is apre-requisit phenomena associated 
with development of the parasite in the defenitive host and the physiological basis of the host-parasite 
relationship. It is therefore, a pronounced polypeptide turnover is expected in this fraction. As revealed 
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Table: 14- Apparent molecular weight (kDa) of completely and partially conserved polypeptides 
of nuclear and mitochondrial fractions during the development of Egraww/osus. 
Group of 
polypeptides 
A 
B 
C 
D 
E 
F 
Subcellular fractions 
Nuclear fraction 
(4) < 29,29,31, 32, 33,36, 37-37.5, 
39,44,47-48,49, 51,63, 82,95,120 
(2) <29,30,39.5,57.5 
< 29, 34,38, 52-53,71-72,110 
< 29, 74, 78 
<29, 
(2) <29, 43,48, 55, 59-60, 104, 106, 
108 
Mitochondrial fi:m;tioii 
(4) < 29,29, 30.5-31, 32,33,36,36.5-37 
44,46-46.5, 58,63 
(4) <29, 32.5, 38.5,65-66,70 
<29, 38, 39.5-40, 43-43.5, 50,78,110, 
120 
-
<29, 34 
39,41,69,86, 105,129, 144, 
A - Conserved polypeptides present in all (0, 16, 24, 40) stages; B - Early stage (0-16) polypep-
tides; C - Early to middle stage (0,16, 24) polypeptides; D - Middle stage (16-24) polypeptides; E 
Middle to mature stage (16,24, 40) polypeptides; F - Mature stage (24-40) polypeptides. 
- Value in paranthesis is number of polypeptides. 
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Fig: 17- The presence ( ) and absence ( ) of polypeptides of internal cell membrane 
during the development. 
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Fig: la- The presence ( ) and absence ( ) of polypeptides of nuclear fraction during the 
development. 
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by Table 14 and Fig. 19, polypeptides with molecular weight of four < 29, 29, 30.5-31, 32, 33, 
36, 36.5-37,44,46-46.5, 58 and 63 kDa were detected in all the developmental stages and seems 
to be conserved polypeptides (A). Similarly 9 polypeptides having molecular weight range < 29 to 
70 kDa and 8 polypeptides in the range of < 29 to 120 kDa were found specific for early stages 
(B) and early to middle stages (C) of the parasite respectively. With the completion of organogenesis 
a drastic decrease in synthesis of mitochondrial polypeptides were observed and no middle stage 
polypeptides (D) were detected. Moreover only two polypeptides with molecular weight < 29 and 
34 kDa were observed in the middle to mature stage (E) of parasite. However in the mature stage 
(F) the nvmiber of specific polypeptides increases, which coincide with the egg production by the 
parasite, and a total of 7 polypeptides ranging fi-om 39 to 144 kDa were detected. 
Microsomal fraction: 
Microsomal fiaction mainly consists of fragmented endoplasmic reticulum and free ribosomes. 
The fraction consist of protein synthesis machinery which remain active throughout the life of parasite. 
Therefore microsomal proteins showed continuous turnover during the development. The polypeptide 
profile of the microsomal fraction is given in Table 15 and Fig. 20, which revealed 13 conserved (A) 
and 9 early stage (B) polypeptides having molecular weight of seven < 29, 31, 32, 35.5, 37, 38.5-
39 & 43 kDa and two < 29, 29, 30.5, 31.5, 38, 63, 65 & 68 kDa respectively. Similarly 7 early 
to middle stage (C) polypeptides having molecular weight range of < 29 to 110 kDa were detected. 
Further, 4 polypeptides (Mr two < 29, 34, 41-41.5, kDa) were detected in the middle stage (D) 
while three polypeptides with molecular weight of < 29,52-53,58 kDa were detected in the middle 
to mature stage (E). The numbers of specific polypeptides drastically increased in the mature stage 
(F) of parasite, which revealed 16 polypeptides in the range of < 29 to 144 kDa. Individual polypep-
tides with their apparent molecular weights and turnover during the development are given in Table 
15 and Fig. 20. 
Cytosolic fraction: 
This fraction usually contains soluble proteins including enzymes and secretory materials in transit 
from one cell region to another, and resolved in 19 polypeptides in the molecular weight range of 
< 29 to 110 kDa were foxmd conserved (A) during the development, and 13 polypeptides with 
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Fig: 19-The presence ( ) and absence ( ) of polypeptides of mitochondrial fraction 
during the development. 
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Table: 15 - Apparent molecular weight (kDa) of completely and partially conserved polypeptides 
of microsomal and cytosolic fractions during the development ofE. granulosus. 
Group of 
polypeptides 
A 
B 
C 
D 
E 
F 
Subcellular fractions 
Microsomal fraction 
(7) <29, 31,32,35.5,37, 38.5-39,43 
(2) <29,29,30.5,31.5, 38,63,65,68 
<29, 30, 33-33.5,42-42.5, 69-70 
78,110 
(2) <29, 34,41-41.5 
<29, 52-53, 58 
<29, 46, 48, 49, 52, 44, 55, 66, 75 
88,95,100,104,106,120,144 
Cytosolic fraction 
(7) <29, 30, 31, 33,37, 38, 43-43.5 45, 49, 
58,65-66,70-71,110 
(4)<29,29, 31.5, 34, 36, 38.5, 41, 55, 85, 
120 
48, 53,67-68,100, 
>205 
44,45.5,46,52,75,88,95, 104, 
108,140,165, 
A - Conserved polypeptides present in all (0, 16, 24,40 ) stages; B - Early stage (0-16) polypep-
tides; C - Early to middle stage (0,16, 24) polypeptides; D - Middle stage (16-24) polypeptides; E 
Middle to mature stage (16,24,40) polypeptides; F - Mature stage (24-40) polypeptides. 
- Value in paranthesis is number of polypeptides. 
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Fig: ^ 0- The presence ( ) and absence ( ) of polypeptides of microsomal fraction during 
the development. 
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molecular weight range of < 29 to 120 kDa were detected in early stage (B). Similarly 4 polypeptides 
having molecular weight of 48, 53,67-68, and 100 kDa were detected in the early to middle stage 
(C) of the parasite. A polypeptide with molecular weight of > 205 kDa was observed in the middle 
stage (D) of parasite. The middle to mature stage of the parasite showed no specific polypeptide, 
however mature stage of the parasite revealed 11 polypeptides in the range of 44 to 165 kDa. The 
polypeptides with their apparent molecular weight and tumover during the development is depicted 
in Table 15 and Fig. 21. 
The results of the present chapter lead us to conclude that the development of the worm 
accompanied major changes in sub-cellular compartments due to physiological and biological 
demands, as indicated by the enzymatic tumover and polypeptide profile. The critical evaluation of 
the dynamic nature of polypeptide profile further suggests that morphogenesis and organogenesis require 
some specific or characteristic polypeptides. Besides the conserved polypeptides, a large number of 
polypeptides were observed at particular stage of development and thereafter they disappear. Such 
variable nature of polypeptides may be a consequence of the occurrence of isoenzymes assembly 
to manage the metabolic activities and to fulfil the increased demand of energy, which is expected 
during growth and differentiation. The higher degree of variability and tumover may also be due to 
the presence of transitory polypeptides and post-translational modification or may be influenced by 
the habitat contributary factors. It is therefore essential to investigate the nature of these polypeptides 
for theu- antigenicity. 
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Fig: 21- The presence ( ) and absence ( ) of polypeptides of cytosolic fraction during the 
development. 
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Chapter - III Antigenic profile of sub-cellular fractions. 
Antigenic polypeptide profile of sub-cellular compartments: 
In the previous chapter the polypeptide profile of sub-cellular fractions have revealed 
hundreds of polypeptides. In the present chapter their antigenicity was monitored by using 
different PI sera and conjugated IgG and IgM. The antigenic polypeptides of different devel-
opmental stages and their sub cellular farctions are shown in immunoblots (Plates 9-20). 
It is evident from the Tables 16-23, that the number of antigenic polypeptides are 
variable in different fractions as well as in a particular fraction during the development. 
Majority of antigenic polypeptides show partial immune response, reacting either with IgG 
or IgM or both only with a particular post infection sera. However few antigenic polypep-
tides were consistently recognized either by IgG or IgM or simultaneously recognized by 
both IgG and IgM of most of the post infection sera. It can be seen from the results presented 
in Tables 16-23, that the antigenic polypeptides localized in sub-cellular fractions have 
comparatively more affinity with IgG than the IgM. This data of antigenic polypeptides of 
different developmental stages have been further analysed with respect to their affinity of 
the immunoglobulins. 
(1) IgG specific antigens: 
The number of antigenic polypeptides detected by conjugated IgG in the various sub-
cellular compartments of protoscoleces are given in Table 16. The analysis of results revealed 
that the total number of antigenic polypeptides of various fractions are 3.6 times greater than 
the total worm homogenate. This can be correlated with the increased purity and concen-
trations of a particular polypeptide. Moreover among the different sub cellular fractions of 
protoscoleces maximum antigens were detected in the mitochondrial preparation followed 
by nuclear and cjtosolic fractions. SPM of protoscoleces revealed a few antigenic polypep-
tides compared to other fractions. It does not react with sera collected at 4 and 8 days PI, 
but reacted with 16 days PI sera and recognized three antigenic polypeptides. Contrary to 
this, ICM revealed 5 and 7 antigenic polypeptides with 4 and 8 days PI sera respectively 
(Table 16). 
The subcellular fractions of 16 days old worm revealed 3.2 fold increase in antigenic 
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Plate: 9- Immunoblot of different sub cellular fractions of protosco 
leces. A, B , C , D represent the antigenic polypeptides as 
recognized by IgG o f 4 , 8, 16, 24 days PI sera respec 
tively, while arrow denotes some pragmatic antigen. 
Key: 
C - Control 
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Mt - Mitochondrial 
M c - Microsomal and 
Cyt - Cytosolic fractions 
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Plate: 10- Immunoblot of different sub cellular fractions of protos 
coleces. A , B , C , D represent the antigenic polypep 
tides as recognized by IgG of 32 , 40 and IgM of 4, 8 
days PI sera respectively, while arrovs' denotes sc ne 
pragmatic antigen. 
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Plate: 11- Immunoblot of different sub-cellular fractions of protos 
coleces. A, B , C , 1> represent the antigenic polypeptides 
as recognized by I g M of 16, 24 , 32 and 40 days PI 
sera respectively, while arrow denotes some pragrrat ic 
antigen. 
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Plate: 12- Immunoblot of different sub cellular fractions of 16 days 
old worm. A, B , C , D represent the antigenic polypep 
tides as recognized by IgG of 4 , 8, 16, 24 days PI sera 
respectively, while arrow denotes some pragmatic antigen. 
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Plate: 13- Immunoblot of different sub-cellular fractions of 16 days 
old worm. A , B , C , D represent the £intigenic polyp 
eptides as recognized by IgG of 32 , 40 , and I g M of 4 
& 8 days PI sera respectively, while arroNv denotes some 
pragmatic antigen. 
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Plate: 14- Immunoblot of different sub cellular fractions of 16 days 
old worm. A, B , C , D represent the antigenic polypep 
tides as recognized by IgM of 16, 24, 32 , 40 days PI 
sera respectively, -svhile arrow denotes some pragmatic 
antigen. 
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Plate: 15- Immunoblot of diflerent sub cellular fractions of 24 
days old worm. A, B , C , D represent the antigenic 
polypeptides as recognized by IgG of 4 , 8, 16, 24 
days PI sera respectively, while arrow denotes some 
pragmatic antigen. 
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Plate: 16- Immunoblot of different sub cellular fractions of 24 
days old worm. A, B , C , D represent the antigenic 
polypeptides as recognized by IgG of 32 , 40 and IgM 
of 4, 8 days PI sera respectively, while arrow denotes 
some pragmatic antigen. 
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Plate: 17- Imniunoblot of different sub cellular fractions of 24 
days old worm. A, B , C , D represent the antigenic 
polypeptides as recognized by IgM of 16, 24, 32, 40 
days PI sera respectively, while arrow^ denotes some 
pr£igmatic antigen. 
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Plate: 18- Immunoblot of different sub cellular fractions of 40 
days old worm. A, B , C, D represent the antigenic 
polypeptides as recognized by IgG of 4 , 8, 16, 24 
days PI sera respectively, while arrow denotes some 
pragmatic antigen. 
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Plate: 19- Immunoblot of different sub cellular fractions of 40 
days old worm. A , B , C , D represent the antigenic 
polypeptides as recognized by IgG of 32 , 40 and I g M 
of 4, 8 days PI sera respectively, while arrow^ denotes 
some pragmatic antigen. 
Key: 
C 
H 
SPM -
N 
ICM -
Mt 
M e 
Cyt -
Control 
Total worm homogenate 
Surf <ice plasma membrane 
Nuclear 
Internal cell membrane 
Mitochondrial 
Microsomal and 
Cytosolic fractions 
© 
205 
116 
4 5 - ^ * » 
2 9 - ^ ^ 
I 
i T ^ * " " ^ ^ 
© 
205-^ 
l i e * -
9 4 - ^ 
6 7 - ^ 
4 5 - ^ 
2 9 ' ^ 
• - 4 
I 
© 
'I 
4 
S C H SPM N ICM Mt Mc Cyt H 
-94 
67 
•43 
•30 
•20 
-14 
r 
•94 
.67 
'43 
'30 
20 
-14 
SPM N ICMMt Mc Cyt S 
127 
Plate:20- Immunoblot of different sub cellular fractions of 40 
days old worm. A, B , C , D represent the antigenic 
polypeptides as recognized by Ig]VI of 16, 24, 52, 40 
days PI sera respectively, while arrow denotes some 
pragmatic antigen. 
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Table: 16- Total number of IgG specific antigenic polypeptides in sub-cellular fiactions of ptotoscoleces. 
Postinfection 
sera 
4 days 
8 days 
16 days 
24 days 
32 days 
40 days 
H 
8 
7 
5 
24 
12 
17 
SPM 
-
-
3 
5 
2 
4 
Sub 
ICM 
5 
7 
5 
4 
6 
6 
-cellular fr 
N 
9 
14 
5 
13 
11 
10 
actions 
Mt 
14 
7 
5 
14 
9 
14 
Mc 
3 
4 
3 
12 
1 
8 
Cyt 
11 
6 
5 
11 
6 
21 
H, Total worm homogenate; SPM, Surface plasma membrane; ICM, Internal cell membrane; N,Nuclear; 
Mt, Mitochondrial; Mc, Microsomal; Cyt, Cytosolic fraction. 
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Table:17- Total number of IgG specific antigenic polypeptides in sub-cellular j&actions of 16 days worm. 
Postinfection 
sera 
4 days 
8 days 
16 days 
24 days 
32 days 
40 days 
H 
13 
12 
15 
17 
6 
13 
SPM 
7 
7 
6 
8 
1 
9 
Sub-
ICM 
9 
1 
6 
4 
3 
4 
•cellular fr 
N 
10 
9 
8 
11 
8 
7 
actions 
Mt 
9 
9 
11 
7 
6 
4 
Mc 
6 
3 
4 
12 
3 
6 
Cyt 
11 
5 
8 
6 
9 
7 
H, Total wormhomogenate; SPM, Surface plasmamembrane; ICM, Internal cell membrane; N,Nuclear; 
Mt, Mitochondrial; Mc, Microsomal; Cyt, Cytosolic fi-action. 
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Table: 18- Total number of IgG specific antigenic polypeptides in sub-cellular fractions of 24 days worm. 
Postinfection 
sera 
4 days 
8 days 
16 days 
24 days 
32 days 
40 days 
H 
8 
6 
7 
19 
10 
18 
SPM 
13 
5 
5 
17 
4 
12 
Sub-
ICM 
12 
5 
8 
14 
12 
19 
•cellular jfr 
N 
4 
t 
4 
2 
3 
7 
actions 
Mt 
11 
16 
7 
13 
10 
19 
Mc 
7 
3 
3 
14 
5 
18 
Cyt 
8 
10 
4 
11 
12 
18 
H, Total worm homogenate; SPM, Surface plasma membrane; ICM, Intemal cell membrane; N, Nuclear; 
Mt, Mitochondrial; Mc, Microsomal; Cyt, Cytosolic fraction. 
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Table: 19- Total number of IgG specific antigenic polypeptides in sub-cellular fractions of 40 
days adult worm. 
Postinfection 
sera 
4 days 
8 days 
16 days 
24 days 
32 days 
40 days 
H 
7 
6 
9 
21 
11 
14 
SPM 
4 
3 
1 
16 
9 
20 
Sub-
1 ICM 
3 
7 
14 
8 
3 
8 
•cellular fr 
N 
2 
4 
I 
12 
8 
8 
actions 
Mt 
5 
6 
15 
23 
11 
20 
Mc 
9 
4 
14 
21 
5 
24 
Cyt 
3 
13 
8 
23 
10 
21 
H, Total worm homogenate; SPM, Surfaceplasmamembrane; ICM, Internal cell membrane; N,Nuclear; 
Mt, Mitochondrial; Mc, Microsomal; Cyt, Cytosolic fraction. 
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Table: 20- Total number of IgM specific antigenic polypeptides in sub-cellular fractions of 
protoscoleces. 
Postinfection 
sera 
4 days 
8 days 
16 days 
24 days 
32 days 
40 aays 
H 
6 
10 
-
29 
11 
10 
SPM 
2 
5 
1 
3 
2 
1 
Sub 
ICM 
5 
4 
3 
17 
7 
5 
-cellular fr 
N 
12 
16 
7 
18 
11 
9 
actions 
Mt 
5 
14 
6 
17 
8 
6 
Mc 
2 
1 
-
7 
5 
1 
Cyt 
7 
11 
4 
16 
9 
11 
H, Total worm homogenate; SPM, Surface plasmamembrane; ICM, Internal cell membrane; N, Nuclear; 
Mt, Mitochondrial; Mc, Microsomal; Cyt, Cytosolic fraction. 
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Table: 21- Total number of IgM specific antigenic polypeptides in sub-cellular fi:actions of 16 
days worm. 
Postinfection 
sera 
4 days 
8 days 
16 days 
24 days 
32 days 
40 days 
H 
2 
3 
1 
4 
-
-
SPM 
1 
-
-
-
-
-
Sub-
ICM 
1 
-
-
-
-
-
cellular fr< 
N 
-
-
-
-
-
-
actions 
Mt 
-
-
-
-
-
-
Mc 
-
-
-
-
-
-
Cyt 
-
-
-
-
-
-
H, Total worm homogenate; SPM, Surface plasma membrane; ICM, Internal cell membrane; N, Nuclear; 
Mt, Mitochondrial; Mc, Microsomal; Cyt, Cytosolic fraction. 
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Table: 22- Total number of IgM specific antigenic polypeptides in sub-cellular fi-actions of 24 
days worm. 
Postinfection 
sera 
4 days 
8 days 
16 days 
24 days 
32 days 
40 days 
H 
8 
4 
1 
7 
1 
3 
SPM 
1 
3 
3 
1 
1 
-
Sub-
ICM 
2 
2 
4 
3 
1 
10 
cellular jfr 
N 
-
-
2 
2 
3 
-
actions 
Mt 
4 
5 
2 
8 
5 
5 
Mc 
5 
8 
4 
8 
9 
7 
Cyt 
1 
-
4 
7 
-
2 
H, Total wormhomogenate; SPM, Surface plasmamembrane; ICM, Internal cell membrane; N,Nuclear; 
Mt, Mitochondrial; Mc, Microsomal; Cyt, Cytosolic firaction. 
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Table: 23- Total number of IgM specific antigenic polypeptides in sub-cellular fractions of 40 
days adult worm. 
Postinfection 
sera 
4 days 
8 days 
16 days 
24 days 
32 days 
40 days 
H 
-
1 
-
7 
-
5 
SPM 
-
6 
-
13 
2 
9 
Sub-
ICM 
-
-
-
1 
-
6 
cellular fri 
N 
-
-
-
1 
2 
-
actions 
Mt 
-
3 
1 
11 
-
5 
Mc 
-
1 
6 
1 
1 
2 
Cyt 
-
10 
-
17 
3 
12 
H, Total worm homogenate; SPM, Surface plasma membrane; ICM, Internal cell membrane; N, Nuclear; 
Mt, Mitochondrial; Mc, Microsomal; Cyt, Cytosolic fraction. 
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polypeptides compared to the total worn homogenate. The surface plasma membrane show 
relatively higher antigenicity and 7 antigenic polypeptides were detected by 4 and 8 days PI 
sera, while 16, 24, 32 and 40 days PI sera revealed 6, 8, 1 and 9 antigenic polypeptides 
respectively. Surprisingly, ICM fraction revealed minimum number of antigenic polypeptides 
with all the PI sera (Table 17). 
The 24 days old worm showed 4.9 fold increase in antigenic component of different 
fractions compared to the total homogenate. The maximum antigenic polypeptides were detected 
in the mitochondrial fractions followed by ICM and cytosolic fractions. The nuclear fraction 
showed least antigenicity (Table 18). SPM revealed 13, 5, 5, 17, 4, and 12 antigenic 
polypeptides with 4, 8, 16, 24, 32 and 40 days PI sera respectively. Similarly ICM revealed 
12, 5, 8, 14, 12 and 19 antigenic components by 4, 8, 16, 24, 32 and 40 days PI sera re-
spectively ( Table 18). 
The sum of antigenic polypeptides recognized in various sub-cellular compartments of 
40 days adult worm showed 5.3 fold increase compared to total homogenate. The maximum 
antigenic polypeptides were detected with different PI sera in the mitochondrial fraction fol-
lowed by cytosolic and microsomal fractions. Again the nuclear fraction revealed minimum 
antigens. In the surface plasma membrane 4, 3, 1, 16, 9 and 20 antigenic polypeptides were 
detected by 4, 8, 16, 24, 32 and 40 days PI sera respectively (Table 19). 
It can be concluded that the antigenic polypeptides of different fractions from different 
developmental stages of parasite, when compared with the total homogenate, revealed 5.3 
fold increase followed by 4.9, 3.2 and 3.6 fold increase for 40, 24, 16 and 0 days old worm 
respectively. Among the different sub-cellular compartments, mitochondrial preparation revealed 
maximum antigenicity followed by cytosolic fractions . Whereas maximum immune response was 
observed by 24 days PI sera as maximum number of antigens were detected in different 
developmental stages compared to other PI sera. 
(2) IgM specific antigens: 
The results of IgM specific antigen profile of various flections of different developmental 
stages are summarized in Tables 20-23. The sub-cellular fractions of the protoscoleces 
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revealed variable number of antigenic components with different PI sera. The maximimi 
antigens were detected in nuclear fractions followed by cytosolic and mitochondrial compart-
ments. The surface plasma membrane and microsomal fractions revealed a minimum of 14 
and 16 antigens respectively. Moreover in the surface plasma membrane 2, 5, 1, 3, 2 and 1 
antigenic polypeptides were detected by 4, 8, 16, 24, 32 and 40 days PI sera respectively. 
Among the different PI sera the maximum antigens were detected by 24 days PI sera followed 
by 8 days PI sera (Table 20). 
The number of antigenic components drastically decrease in the 16 days old worms. 
Among the different sub-cellular compartments, only SPM and ICM are antigenic and only 
a single antigen was detected with 4 days PI sera. However in total homogenate 2, 3, 1 and 
4 antigenic components were resolved with 4, 8, 16 and 24 days PI sera respectively (Table 
21). 
Further in 24 days old worms, the number of antigenic polypeptides again increases in 
all the sub-cellular fractions. The maximum antigenic components were detected in the micro-
somal fractions followed by mitochondrial and internal cell membrane fractions. The surface 
plasma membranes revealed 1, 3, 3, 1 and 1 antigenic polypeptides with 4, 8, 16, 24 and 32 
days PI sera respectively. However, no antigen was detected with 40 days PI sera. Again 24 
days PI sera recognized maximum antigens in all the sub-cellular fractions (Table 22). 
The number of antigenic polypeptides again decreases in the adult worm and among the 
different fractions maximimi antigenic components were detected in the cytosolic compartment 
followed by surface plasma membrane. Further, like antigens of other stages of development, 
adult worm revealed maximum antigenic component with 24 days PI sera (Table 23). 
Pragmatic antigenic polypeptides of sub-cellular compartments: 
It is evident from the results of sub-cellular localization of antigenic polypeptides of 
different developmental stages, that a large number of antigenic polypeptides have been resolved 
with different PI sera. Some of the antigens are only recognized by early PI sera while some 
polypeptides are detected by the PI sera collected at latter phase of development.The con-
sistency of an individual polypeptide in a particular fraction with a specific PI sera is quite 
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variable. To monitor the presence or absence of all antigenic polypeptide is practically not 
possible and hence only those potential antigenic polypeptides recognized by most of the 
PI sera are selected which may have pragmatic importance either in the diagnosis or in 
protection. This selection helps us in reducing the number of variables and provide an op-
portimity to discuss and highlight the important antigenic polypeptides . In order to find out 
the pragmatic antigens, the emphasis was focussed particularly to the completely and partially 
conserved polypeptides during the course of development of the parasite. The latter categories 
was further devided into five different groups and they are as follows: 
A- Completely conserved antigenic polypeptides- present in all developmental stages. 
B- Early stage antigens- present only in 0, and 16 days stage of development. 
C- Early to middle stage antigenic polypeptides- detected exclusively in 0, 16, and 
24 days stages of development. 
D- Middle stage antigenic polypeptides- present only in 16 and 24 days stage of 
development. 
E- Middle to mature stage antigenic polypeptides- present in 16, 24 and 40 days 
stage of development. 
F- Mature stage antigenic polyepeptides- exclusively detected in the 24 and 40 days 
stage of development. 
The antigenic reactivity of completely and partially conserved polypeptides have been 
presented diagramatically in which apparent molecular weight of each polypeptide, its oc-
currence in different stages of development, response with PI sera and recognition with types 
of immunoglobulins are depicted (Figs. 22-27). The apparent molecular weights of pragmatic 
antigens are given in Table 24. However during the analysis of the data some non antigenic 
polypeptides were also observed which are either completely or partially conserved but do 
not react with any PI sera (Table 25 and Figs. 22-27). It can be seen fi'om inmiunoblot that 
some antigenic polypeptides of < 29 kDa were resolved but their exact molecular weight 
were not calculated and hence they are considered as groups of antigens <29 kDa. It is also 
interesting to note that a particular antigenic polypeptide at a particular phase of development 
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Fig . 2 2 - Completely and partially conserved polypeptides of surface 
plasma membrane with apparent molecular w^eight and their 
immune response vsath different ( 4, 8, 16, 24, 32, and 40 
days) PI sera. 
Arrow indicate antigenic polypeptides ( I-IU ) of pragmatic 
importance. 
K e y : 
A 
B 
C 
D 
E 
F 
Polypeptides present in all developmental stages. 
" " in 0 and 16 days old worm. 
" " in 0, 16, 24 days old worm. 
" " in 16 and 24 days old worm. 
" " in 16, 24, 40 days old w^orm. 
" " in 24 and 40 days old worm. 
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Fig . 2 3 - Completely and partially conserved polypeptides of internal 
cell membrane with apparent molecular w e i ^ t and their 
immune response with different (4, 8, 16, 24, 32, and 40 
days) PI sera. 
Arrow^ indicate antigenic polypeptides (I-VU) of pragmatic 
importance. 
K e y : 
A 
B 
C 
D 
E 
F 
- Polypeptides present in all developmental stages. 
" " in 0 and 16 days old worm. 
" " in 0, 16, 24 days old w^orm. 
" " in 16 and 24 days old worm. 
" " in 16, 24, 40 days old w^orm. 
" " in 24 and 40 days old worm. 
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Fig. 2 4 - Completely and partially conserved polypeptides of nuclear 
fraction with apparent molecular weight and their Lnmune 
response with different ( 4, 8, 16, 24, 32, and 40 days) PI 
sera. 
Arrow indicate antigenic polypeptides (I-IV) of pragmatic 
importance. 
K e y : 
A 
B 
C 
D 
E 
F 
- Polypeptides present in all developmental stages. 
" " in 0 and 16 days old worm. 
" " in 0, 16, 24 days old worm. 
" " in 16 and 24 days old worm. 
" " in 16, 24, 40 days old worm. 
" " in 24 and 40 days old worm. 
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Fig . 2 5 - Completely and partially conserved polypeptides of mito 
chondrial fraction with apparent molecular weight and 
their immune response vsdth different ( 4, 8, 16, 24, 32, 
and 40 days) PI sera. 
Arrow^ indicate antigenic polypeptides (I-VIII) of pragmatic 
importance. 
K e y : 
A 
B 
C 
D 
E 
F 
- Polypeptides present in all developmental stages. 
" " in 0 and 16 days old worm. 
" " in 0, 16, 24 days old worm. 
" " in 16 and 24 days old w^orm. 
" " in 16, 24, 40 days old worm. 
" " in 24 and 40 days , old worm. 
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Fig.. 2 6 - Completely and partially conserved polj/peptides of micro 
somal fraction with apparent molecular weight and their 
immune response with different (4, 8, 16, 24, 32, and 40 
days) P I sera. 
Arrow^ indicate antigenic polypeptides (I-VED) of pragmatic 
importance. 
K e y : 
A 
B 
C 
D 
E 
F 
- Pol j^ept ides present in all developmental stages. 
" " in 0 and 16 days old w^orm, 
" " in 0, 16, 24 days old w^orm. 
" " in 16 and 24 days old worm. 
" " in 16, 24, 40 days old w^orm. 
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Table: 24- The ^ parent molecular weights (kDa) of pragmatic antigens of different sub-cellular fractions. 
Sub-cellular 
fraction 
SPM 
ICM 
N 
Mt 
Mc 
Cyt 
Conserved 
31, 37-38 
<29, 85,138 
82,95 
30,31 
< 29, 35-35.5 
43-45, 49 
Differer 
early stages 
38,63 
31-31.5,85 
It Stages of polj 
early to middle 
stage 
34,38 
38, 50, 80 
53 
^peptides 
middle stage 
53 
34 
mature stage 
112 
< 29, 65,75, 
41,138 
52,66,75,138 
75 
SPM, Surface plasma membrane; ICM, Internal cell membrane; N, Nuclear; Mt, Mitochondrial; Mc, 
Microsomal; Cyt, Cytosolic fraction. 
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Table: 25- Apparent molecular weight (kDa)ofnon antigenic polypeptides of different fractions. 
Sub-cellular 
fraction 
SPM 
ICM 
N 
Mt 
Mc 
Cyt 
Conserved 
37-37.5, 58, 
110 
37-37.5, 44, 
49 
33,37 
32,37 
37, 65-66 
Differer 
early stages 
38.5,42 
32.5,38.5, 
65-66 
30-30.5, 
68 
120 
It Stages of pol; 
early to middle 
stage 
35 
63 
41,42,110 
33-33.5, 
42-42.5, 69-70 
y^peptides 
middle to 
mature stage 
74-75 
52,53 
mature stage 
38,60 
43, 108 
54,120 
44, 52,165 
SPM, Surface plasma membrane; ICM, Internal cell membrane; N, Nuclear; Mt, Mitochondrial; Mc, 
Microsomal; Cyt, Cytosolic fraction. 
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of parasite may be recognized either by IgG or IgM. However in some cases a particular 
antigen may be recognized by both the immunoglobulins simultaneously. 
Surface plasma membranes: 
The svuface plasma membranes revealed two completely conserved antigenic polypep-
tides of low molecular weights (Fig. 22, Antigens I & II). The 31 kDa antigenic polypeptide 
was consistently detected by IgG from 16 days to 40 days post infection and 37-38 kDa 
antigenic polypeptide was detected by all the post infection sera. At 4 days post infection 
it was detected by IgG whereas at 8 days post infection it was recognized by IgM. Sub-
sequently IgM response disappear and IgG response again appear at 16 days PI and continued 
up to 40 days post infection. Moreover at 40 days PI it was detected by both IgG and IgM. 
Besides this, a partially conserved antigens of mature stage having Mr 112 kDa was variably 
« 
recognized by IgG and IgM of all the PI sera with the exception of 32 days (Fig. 22, AntigensIII). 
Internal cell membrane: 
In ICM two conserved antigenic polypeptides present in all the developmental stages 
were identified (Fig. 23, Antigens, I & II) Among these <29 kDa antigen was detected by 
all the post infection sera, at 4 and 32 days post infection only IgG response was detected, 
while at 16 days post infection it was exclusively detected by IgM, moreover, at 8, 24 and 
40 days post infection, it was simultaneously recognized by both IgG and IgM. The second 
conserved antigenic polypeptide of Mr 85 kDa , was commonly detected by IgG and IgM 
at 4 days post infection and thereafter during the development IgM response disappear and 
it was exclusively recognized by IgG of all PI sera, with the exception of 24 days post 
infection sera. 
In addition to this, one partially conserved antigenic polypeptide with Mr 53 kDa in 
the middle stage (Fig. 23, Antigens III) and four antigens in the mature stage were also detected 
. Their apparent molecular weight differential recognition with IgGAgM are depicted in Fig. 
23, Antigens IV-VII. 
Nuclear fraction: 
Nuclear protein revealed two completely conserved antigenic polypeptides which were 
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detected by all the PI sera. Antigenic polypeptide with molecular weight of 82 kDa, showed 
persistent IgG response with all the post infection sera, however IgM response was also 
detected at 8,24 and 40 days post infection. The second antigenic polypeptides having molecular 
weight of 95 kDa presumably has IgM dominant epitope as it was recognized by IgM of all 
the post infection sera, however at 8, 24, 32 and 40 days post infection IgG response was 
also detected (Fig. 24, Antigens I & II). 
Besides this, two partially conserved antigenic polypeptides were detected in the early 
to middle stage. Antigenic polypeptide with molecular weight of 34 kDa was recognized by 
all the PI sera and it showed IgM dominant epitopes, while 38 kDa antigenic polypeptide 
has IgG dominant epitope. The details of the recognition of these antigens with different PI 
sera are given in Fig. 24, Antigens III & IV. 
Mitochondrial fraction: 
Mitochondrial protein revealed two conserved antigenic polypeptides with molecular 
weight of 30 and 31 kDa (Fig. 25, Antigens I & II). These polypeptides are strong antigens 
as they are continuously detected by IgG and IgM of all the PI sera, however at 8 days post 
infection, only IgM response was detected for both the polypeptides. 
In addition to this, three partially conserved antigenic polypeptides with molecular weight 
of 38, 50 & 80 kDa were identified in the early to middle stage of the parasite (Fig. 25, 
Antigens III, IV & V). These antigens showed predominant IgG epitopes. Moreover one 
antigenic polypeptide with Mr 34 kDa and two antigenic polypeptides having Mr 41 & 138 
kDa were detected in the middle to mature stage and mature stage of the worm respectively. 
The immune response of these antigens with different PI sera and differential affinity to IgG/ 
IgM are shown in Fi^. 25, Antigens VI, VII & VIII. 
Microsomal fracions: 
Microsomal protein revealed two conserved antigenic polypeptides in the lower molecu-
lar weight range which are present in all the developmental stages. Antigenic polypeptides with 
molecular weight of <29 kDa, showed persistent IgG response fi-om 16 to 40 days post infection, 
however IgM response initially detected in 4 and 8 days PI sera thereafter disappear in sub-
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sequent stages and reappear at 40 days post infection. The other antigen having molecular 
weight of 35-35.5 kDa was variably detected by IgG and IgM from 16 to 40 days post 
infection. The IgG response was observed at 16 and 40 days post infection whereas IgM 
response was detected at 24 and 32 days post infection (Fig. 26, Antigens I & II). 
Besides this, partially conserved antigenic polypeptides having molecular weights of 
38, 63 and 52, 66, 75 & 138 kDa were also detected in the early stage and mature stage 
of the parasite respectively. Among these, antigens with Mr 52 and 66 kDa have IgG dominent 
epitopes, while 138 kDa antigen has IgM dominant epitopes. The details of the antigenic 
properties are shovra in Fig. 26, Antigens III-VIII. 
Cytosolic fraction: 
Cytosolic proteins revealed completely conserved antigenic polypeptides which showed 
predominantly IgM epitopes. Among two antigens 43-45 kDa antigenic polypeptide was 
detected by IgM of all the post infection sera with the exception of 16 days. However IgG 
response was only detected at 16 and 24 days post infection. The second antigenic polypeptide 
having molecular weight of 49 kDa was contineously detected by 8, 16, 24, 32 and 40 days 
PI sera. The IgG response was observed by 8 and 40 days PI sera, while at 16, 24, and 32 
days post infection IgM response was exclusively detected (Fig. 27, Antigens I & II). 
Moreover two partially conserved antigenic polypeptides (Mr 31-31.5 & 85 kDa) and 
one antigen with Mr 53 kDa were detected in the early stage and early to middle stage of the 
parasite respectively. Besides this antigenic polypeptide with molecular weight of 75 kDa, showing 
IgM dominant epitopes, was detected in the mature stage (Fig. 27, Antigens III-VI). 
In the first chapter of the present thesis we have identified four potential antigens 
(which were present in most of the developmental stages and recognised by majorit>' of PI 
sera) from the crude homogenate. Among these antigens of Mr 136 and 70-75 kDa antigens 
were predominantly detected by early post infection sera while 45 and 60-62 kDa antigens 
were recognized by PI sera collected at late stage of development. These four potential antigens 
were mainly localized in either microsomal, cytosolic or membrane preparation of various 
developmental stages (Fig. 22-27 & Table 24). In addition to this, four pragmatic antigens 
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of chapter-I, some pragmatic antigens were exclusively detected in the prepration of various 
sub-cellular compartment, such antigenic polypeptides are listed in Table 24 and their prop-
erties has been highlighted above. 
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Chapter - IV Analysis of the lectin binding glycoproteins of sub-cellular fractions. 
In the preceding chapters various polypepyides associated with the development and 
potential antigens of various sub-cellular fractions were identified. In order to ascertain their 
biochemical nature, these polypeptides were analysed for their affinity to Con-A, which spe-
cifically recognized the glycoproteins containing a-D-mannose and a-D-glucose. The resuhs 
of glycopeptide profile of various fractions of different developmental stages are given in 
Plate 21 & Table 26. It is evident from the results that the glycoproteins are unevenly dis-
tributed in various fractions, the maximum glycopeptides were detected in mitochondrial 
followed by microsomal and cytosolic fractions. However surface plasma membrane revealed 
minimum nimiber of glycopeptides (Table 26). The glycopeptides were mainly detected in 
the range of higher molecular weight of 40-100 kDa. Among the different developmental 
stages, 16 days old worms revealed maximimi number of glycoproteins followed by larval 
and 24 days old worm (Table 26). 
Further among different developmental stages, the protoscoleces revealed maximum gly-
copeptides in the nuclear fraction followed by mitochondrial and microsomal fractions, while the 
surface plasma membranes showed a minimum of two glycopeptides. Contrary to this, 16 days 
old worms showed maximum glycopeptides in the mitochondrial fraction followed by nuclear 
and cytosolic fractions. Similarly 24 days old and adult worm revealed maximum glycopeptides 
in the microsomal and ICM fractions respectively (Table 26). 
The results presented above revealed many glycopeptides, and their sub-cellular lo-
calization in different developmental stages gave a complicated picture due to their variable 
occurrence. Majority of glycopeptides were inconsistently localized, therefore generalization 
is not possible. It is therefore decided to examine Con-A affinity only for the identified 
polypeptides which are predominently involved in the development and antigenic polypep-
tides which seems to be of pragmatic importance for protection or diagnosis. 
Lectin binding glycoproteins associated with development: 
The results of glycoproteins of individual fractions were analysed with respect to 
the developmental biology of the parasite, an extensive turnover was observed (Fig. 28-33). 
However few glycopeptides were found conserved among different developmental stages. In 
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Plate :21- Lectin binding glycoproteins of various sub cellular 
fractions of different developmental stages. A , B , C , 
D represent the protoscoleces , 16, 24 , and 40 days 
stage. 
Key: 
C 
H 
SPIVI -
N 
ICM -
Mt 
Mc 
Cyt -
Control 
Total worm homogenate 
Surface plasma membraae 
Nuclear 
Internal cell membrane 
Mitochondrial 
Microsomal and 
Cytosolic fractions 
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Table: 26- Total number of lectin binding glycopeptides of different sub-cellular firactions of 
various developmental stages. 
Developmental 
stages 
Protoscoleces 
16 days old 
wonn 
24 days old 
wonn 
40 days old 
wonn 
H 
14 
17 
10 
9 
SPM 
2 
7 
8 
2 
Sub-
ICM 
6 
8 
9 
13 
-cellular fir 
N 
16 
16 
6 
2 
actions 
Mt 
14 
17 
13 
10 
Mc 
12 
8 
21 
7 
Cyt 
11 
16 
4 
13 
H, Total worm homogenate; SPM, Surface plasma membrane; ICM, Internal cell membrane; N, Nuclear; 
Mt, Mitochondrial; Mc, Microsomal; Cyt, Cytosolic fraction. 
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Table: 27- Pragmatic antigens of dififerent developmental stages with their ^ parent molecular weights 
(kDa), glycoproteinaceous antigens axe given in parenthesis. 
Sub-cellular 
fraction 
SPM 
ICM 
N 
Mt 
Mc 
Cyt 
Conserved 
31,37-38 
(<29),85,138 
(82), (95), 
30,31 
<29, 
(35-35.5) 
(43-45), 
(49) 
Differei 
early stages 
(38) 63 
31-31.5, 
(85) 
it stages of pol; 
early to middle 
stage 
34,(38), 
38, (50), (80) 
(53) 
y'peptides 
middle stage 
(53) 
(34) 
mature stage 
112 
< 29,65, (75), 
(41), (138) 
52, (66), 75, 
138 
(75) 
SPM, Surface plasma membrane; ICM, Internal cell membrane; N, Nuclear; Mt, Mitochondrial; Mc, 
Microsomal; Cyt, Cytosolic fraction. ( ) indicate glycoprotenaceous antigens. 
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the total worm homogenates, glycopeptide with molecular weight of 43-45 KDa was detected 
in all the developmental stages, while glycopeptides having Mr 205 and 95 kDa were observed 
in 0 to 24 days stage of the worms. Further, glycopeptides Mr 80, 75, 74, 65 and 49 kDa 
were exlusively detected in the early stages (0 and 16 days) of developmental (Fig. 28). 
The surface plasma membrane showed a higher degree of glycopeptide turnover during 
the development. All the glycopeptides detected in the SPM showed inconsistency among different 
developmental stages with the exception of 205 kDa glycopeptide which was commonly de-
tected in 0, 16, and 24 days stages of the worm (Fig. 29). The interanl cell membrane 
revealed, two glycopeptides (Mr 205 & 41 kDa) which are partially conserved among 16 to 
40 days developmental stages of the worms. Glycopeptides v^th molecular weight of 205 
kDa was detected in 16 and 24 days stage while 41 kDa glycopeptide was observed in 24 
and 40 days stage of development (Fig. 30). 
In the nuclear fraction of different developmental stages, two glycopeptides having 
molecular weight of 205 and 70 kDa were persistently detected in 0 and 16 days old worms 
and thereafter disappeared. The other, 80 kDa glycoprotein was detected in 0, 16 «fe 24 days 
old worms. Intrestingly not a single glycopeptide was conserved during the developmental 
(Fig. 31). 
The glycopeptide profile of mitochondrial fraction revealed some importent results which 
could be used to explain many aspects of developmental biology of the worm. Glycopeptides 
with Mr 205 kDa was conserved in all stages, whereas glycopeptides having Mr 95, 70 and 
46 kDa were present only in early stages (0, & 16 days) of development. Moreover glyco-
peptides having Mr 80, 59 and 37 kDa were exclusively detected in the later stages (24 and 
40 days ) of development (Fig. 32). This lead us to conclude that the morphogenisis at early 
and late stage of development required some characteristic glycopSJjtides. In addition to this, 
a glycopeptide with Mr 52 kDa was detected in the 16, 24 & 40 days stages of the worm, 
while glycopeptide having Mr 40 kDa was persitently detected in the 0, 16 & 24 days stage 
and subsequently disappeared in the adult worm (Fig. 32). 
Similarly in the microsomal fraction a glycopeptide with molecular weight of 205 kDa 
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Fig: "28- The presence ( ) and absence ( ) of glycopeptides of surface plasma membrane 
during the development. 
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Fig: 29-The presence ( ) and absence ( ) of glycopeptides of internal cell membrane 
during the development. 
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Fig: 30- The presence ( ) and absence ( ) of glycopeptides of nuclear fraction during the 
development. 
> 2 0 5 
205 
180-
140-
100-
.s 
90 
£ 
na 
a 
^ 
^ 
o 
^ 
wm 
o S 
80 
70 
60 
50-
40 
30-^ 
29 ' 
< 2 9 
1 1 1 
Protoscolcccs 16 days 24 days 40doys 
Different developmental stages 
159 
Fig: 31-The presence ( ) and absence ( ) of glycopcptides of mitochondrial fraction 
during the development. 
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Fig: 32- The presence ( ) and absence ( ) of glycopeptides of microsomal fraction 
during the development. 
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Fig: 33- The presence ( ) and absence ( ) of glycopeptides of cytosolic fraction 
during the development. 
>205 
205 Jp 
180-
140-
100--
9 0 - -
^ 70-
O 
S 60 
50-
40 
3 0 ^ 
< 2 9 
1 1 1 
Protoscolccct 16 days 24 days 40 days 
Different developmental stages 
162 
was found conserved in all developmental stages (Fig. 33). While glycopeptides having mo-
lecular weight of 115 and 59 kDa were inconsistently detected in the 0, 16, and 24 days 
developmental stages of the worm. Besides this, glycopeptides with Mr 42, 37 and 29 kDa 
were exclusively detected in the late stages of developmental (Fig. 6), showing the probable 
involvement in the morphogenesis in reproductive organs. In cytosolic fraction mainly higher 
molecular weight glycopeptides were found conserved, particularly a glycopeptide with mo-
lecular weight of 205 kDa was detected througout the development. Besides this, 115 kDa 
glycopeptide was observed exclusively in the early stage of develoment, while 120 kDa gly-
copeptide was exclusively detected in the late stages of the worm (Fig. 33). 
The results lead us to conclude that 120, 80, 59, 42 and 37 kDa glycopeptides seems 
to be exclusively involved in the development of reproductive organs. Moreover variable degree 
of glycopeptide turnover was observed with in different fractions of throughout the development. 
The maximum turnover was detected in the SPM followed by ICM fractions. 
Pragmatic Antigens: 
Besides this, hundreds of antigenic polypeptides have been detected in the preceding 
chapters. However only few of these antigenic polypeptides showed consistent immune re-
sponse with different PI sera and seems to be potential antigens and hence Con-A affinity 
was analysed only for such antigens. It can be seen from Table 27, that Con-A affinity was 
detected in 20 out of 36 antigenic polypeptides indicating their glycoproteinaceous nature. 
It is surprizing that in SPM the potential antigenic polypeptides did not show Con-A affinity 
by the present procedure, this might be due to the concentration of the glycopeptides or 
insensitivity of the technique. Whereas in ICM fraction, antigenic polypeptides with Mr <29, 
53, 75 and 132 kDa were positively reacted with Con A. Similarly in the nuclear fraction 
antigenic polypeptide having Mr of 38, 82 and 95 kDa were found to be glycoproteins. Further 
in the mitochondrial fraction antigenic polypeptides with Mr 34, 41, 50 80 and 138 kDa were 
positively identified with Con-A, whereas microsomal fraction revealed only three antigenic 
polypeptides having Mr 38, 35-35.5 and 66 kDa showing glycoproteinaceous nature. Similarly 
in the cytosolic fraction, antigenic polypeptides having molecular weight of 43-45, 49, 53, 
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75 and 85 kDa were found to be glycoproteins (Table 27). 
On the basis of these results it can be summerized that the number of Con-A positive 
antigenic polypeptides increases in immature stages of the parasite and subsequently decreased 
in the adult stage. Among the sub-cellular fractions, maximum glycoprotein antigens were found 
in the cytosolic fraction followed by other sub-cellular compartments. In terms of percent 
of Con-A positive and negative potential antigens, a maximum of 80% followed by 75%, 
62.5% 57% and 38% are glycoproteinaceous in the Cyt, N, Mt, ICM and microsomal fractions 
respectively. 
The analysis of this data lead us to suggest that Con-A positive glycopeptides with apparent 
molecular weight of 34, 38, 50, 53, 80 and 85 kDa are primarily present in the sub-cellular 
fractions of immature worm. Contrary to this, the sub-cellular fraction of mature worms posses 
41, 66, 75, 132 and 138 kDa Con-A postive glycoproteins. This differences is significant from 
the point of developmental biology and the antigenicity of the parasite. 
Although Con-A positive polypeptides have been detected in the surface plasma 
membrane of different developmental stages but its potential antigens do not showed Con-
A affinity. The reason for this can not be attributed at this stage, however it is expected that 
it might be due to the limitation of detection technique or may be the purity of the antigens. 
This required fiirther studies using purified antigens for which an attempt has been made in 
the subsequent chapter. 
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Chapter - V Purification of Con-A positive surface glycoproteins and their anti-
genic characterization. 
In the previous chapter surprisingly pragmatic antigens of surface plasma membranes 
were not recognized by Con-A, presumably due to the low concentration. Hence it was 
decided to further purify the surface plasma membranes of four developmental stages cor-
responding to phases of differenciation, organogenesis and maturation (0, 16, 24 and 40 days) 
by seralose Con-A affinity chromatography. Thereafter the antigenicity of purified glycop-
roteins were analysed by different PI sera. The elution profile of glycoprotein is given in 
Fig.34, which revealed two prominent peaks, the major peak (A) which was initialy eluted 
with the washing buffer and mainly comprised of Con-A negative proteins in higher con-
centration. The second peak (B) which is comparatively very small was eluted by the dis-
sociation buffer, indicating low concentration of Con-A positive glycoproteins. The glyco-
protein fractions were pooled and concentrated by dialysis under vacuum as specified in 
material and methods. Thereafter these glycoproteins containing a-D-mannose and a-D-glu-
cose as oligosaccharides, were analysed by gradient SDS-PAGGE followed by silver staining. 
The results of glycopeptide profile are presented in Plate 22. Analysis of results re-
vealed a total of 14 and 15 glycopeptides in larval and 16 days old worm respectively (Plate 
22, Lane A & B). Similarly 11 glycopeptides were resolved in the 24 days immature worm 
whereas 13 glycopeptides were detected in the 40 days old worm (Plate 22, Lane C & D). 
The individual molecular weight of these glycopeptide are given in Table 28, which ranges 
from 14 to 205 kDa. The loading concentration of glycoprotein samples of different devel-
opmental stage were kept constant, but qualitative and quantitative difference in glycoproteins 
were observed. The surface glycoproteins are largly conserved among the different devel-
opmental stages, however some stage specific glycopeptides (indicated by arrow head) were 
also detected. Such variations are due to the different degree of glycosylation of protein of 
different developmental stages. A prominent glycopeptide with molecular weight of 29 kDa 
was exclusively present in the protoscoleces (Plate 22, Lane A). Similarly glycopeptides having 
molecular weights of 92, 75 & 24 kDa were found unique to 16 days old worm (Plate 22, 
Lane B). Further a glycopeptide with molecular weight of 25 kDa and two glycopeptides 
having molecular weight of 24 & 30 kDa were foimd characteristic for 24 and 40 days old 
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Plate:22- Gradient SDS polyacrylamide gel electrophoresis of sur 
face glycoproteins of different developmentEil stages. S, 
A , B , C , D denotes standered, protoscoleces, 16, 24 , 
and 40 days stages of the worm respectively. Ordinate 
values represent the molecular w^eight in kDa. Arrows 
head indicate steige specific glycopeptides, arrow denotes 
the conserved glycoproteins. 
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Table: 28- The apparent molecular weight (kDa) of affinity purified surface glycoproteins of different 
developmental stages. 
Protoscoleces 
(14)* 
180 
-
-
70 
68 
60 
50 
47 
45 
42 
-
-
29 
-
-
20 
16 
15 
14.5 
14 
16 days 
(15)* 
180 
92 
75 
70 
68 
60 
-
47 
45 
42 
-
-
-
-
24 
20 
16 
15 
14.5 
14 
24 days 
(11)* 
180 
-
-
70 
-
60 
-
47 
45 
42 
-
-
-
25 
-
-
16 
15 
14.5 
14 
40 days 
(13)* 
180 
-
-
70 
-
60 
-
47 
45 
42 
38 
30 
-
-
24 
-
16 
15 
14.5 
14 
• Value under parenthesis indicates the total number of surface glycoproteins. 
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worm respectively (Plate 22, Lane C 8c D). Further ten conserved glycopeptides having molecular 
weights of 14, 14.5, 15, 16, 42, 45, 47, 60, 70, & 180 kDa were detected which are present 
in all the developmental stages (denoted by arrow) ( Plate 22 & Fig. 35). Among these, few 
glycopeptides showed greater staining intensity, indicating their higher concentration. How-
ever some glycopeptides are weakly stained and showed variation in their concentration during 
the development. Moreover 16 kDa conserved glycopeptide was imiformly present in all the 
developmental stages. The presence and absence of individual glycopeptides in different stages 
of development are summarized in Fig. 35. 
Antigenicity of these surface glycoproteins were analysed by immunoblotting and the 
results are given in Plate 23. The majority of glycoproteins are non antigenic, however three 
antigenic glycopeptides having molecular weight of 16, 60 and 70 kDa were detected. Among 
these only 16 kDa antigenic glycopeptide showed consistent immxme response throughout the 
development (indicated by arrow), whereas antigenic glycopeptides having molecular weight 
of 60 and 70 kDa showed weak and variable immune response during the development as 
determined by the circulating IgG of different PI sera, although these glycopepdies are present 
in all the developmental stages. Predominent occurence of 16 kDa antigen in all the devel-
opmental stages and consistent reactivity with circulating IgG of most of the PI sera make 
it potential candidate for future study to develope either a define putative vaccine or a potential 
immnodiagnostic antigen for E. granulosus. 
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Fig: 35- The presence ( ) and absence ( ) of surface glycopeptides of different develop 
ment stage. 
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Plate:23- Immunoblot of suface glycoproteins of different develop 
mental stages. A , B , C , D , E , F represent 4 , 8, 16, 2 4 , 
32 and 40 days PI sera respectively. 0 , 1 6 , 24, and 40 denote 
days old developmental stages. Ordinate values represent 
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DISCUSSION 
DISCUSSION 
The aim of the present study was to find out stage specific gene products which are 
associated with the differentiation and organogenesis of the parasite and to identify the antigenic 
polypeptides for any diagnostic or protective potential as well as to elucidate immunobiology 
of E. granulosus infection. Further to investigate the dynamic nature of SPM and associated 
biochemical turnover during development. The larval and five different developmental stages 
( 8 , 16, 24, 32, & 40 days old worms) of the parasite were used. The protoscoleces were 
obtained from bovine pulmonary cyst and developmental stages were recovered by sacrificing 
experimentally infected puppies. The total protein profile were analysed by SDS PAGGE. 
In the presence of SDS and mercaptoethanol, polymeric proteins are dissociated in to their 
sub units and the proteins observed in the gels reflects the composition of individual polypep-
tide chain. In all the electrophoretic experiments 7-15% gradient polyacrylamide gel was used, 
as this concentration gave best resolution of the complex mixture of parasite proteins into 
constitutent polypeptides. The insignificant differences in the relative mobilities (Rf) of various 
marker proteins were observed in three different replicates of electrophoretic run. Conse-
quently analysis of statistical parameter like slope of best fit line, intercept and coefficient 
of correlation revealed greater similarities in the migration pattern of standard marker pro-
teins. Thus electrophoretic techniques provide the opportunity to examine the gene products 
of different developmental stages and gave consistent and comparable results. 
It is widely accepted fact that the proteins are the first conceivable product of gene 
activity. The protein separation methods played a significant role in the elucidation of their 
biological functions. Among the various techniques, PAGE is one of the most reliable and 
sensitive technique has proved to be a valuable analytical tool in taxonomic, biochemical and 
immxmological studies and has been frequently used in the study of helminth parasites. 
Among the different gel staining techniques, coomassie brilliant blue is the most com-
monly used technique for visualizing polypeptides in polyacrylamide gels. However compara-
tively low sensitivity, necessitated the staining of gels by a more sensitive silver staining 
procedure. Silver staining techniques have been reported to be 100 fold more sensitive than 
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coomassie brilliant blue staining and comparable to autoradiography for detecting polypep-
tides on polyacrylamide gels (Switzer et alyl979; Oakley et al., 1980). Further, Sammons 
et al., (1981) compared the polypeptides vizualized by coomassie brilliant blue, silver staining 
and autoradiography. These authors concluded that silver staining is superior than coomassie 
blue staining and comparable to autoradiogrphy, because some polypeptides detected by silver 
staining were not detected in the autoradiogram, or vice-versa and this was attributed to the 
insufficient incorporation of radioactive material or staining insensitivity. However, it has 
been suggested that silver staining is less sensitive to basic proteins as compared to the neutral 
protein. Porro et al., (1982) foimd silver staining to be sensitive enough to detect 0.03 ng of 
BSA and 0.05 ng of ovalbumin. Further in silver staining, sialoglycoprotein and lipoproteins 
were also detected whereas coomassie brilliant blue is not sensitive for conjugated proteins 
(Dzandu et al.,1984). However, the exact mechanism of silver staining is not yet clear, unlike 
coomassie brilliant blue, it does not stoichiometrically stain proteins. Moreover, staining 
intensity does not show a linear relationship to protein mass. Although silver staining is 
comparatively more sensitive, but the sensitivity varies for different proteins and is dependent 
on the protein concentration (Poehling and Neuhoff, 1981; Ochs et al, 1981). There are some 
proteins like calmodulin. Troponin C, which are only detectable with the coomassie brilliant 
blue staining (Darbre, 1986). 
The number of demonstrable polypeptides in a gel depends upon the sensitivity of 
staining technique to different polypeptides, not all protein stain equally with coomassie 
brilliant blue. Highly glycosylated proteins like glycophorin stain poorly with coomassie dye 
(Tanner and Boxer, 1972). Similarly, Switzer et al.,(1979) Oakley et al., (1980) and Merril 
et al., (1981) have also pointed out limitations of coomassie brilliant blue staining and in-
sensitivity for conjugated proteins. In the present study the number of polypeptides which 
are detected by silver staining is much higher compared to the number of polypeptides visualized 
by coomassie staining. This difference in the polypeptides may be due to the differential 
affinity of two staining techniques towards different conjugated proteins. Proteins which are 
present in traces and those which are heavily glycosylated as well as lipoproteins could not 
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be detected by coomassie brilliant blue staining. Although the loading concentration of each 
protein sample was kept constant, and hence the absence or presence of a particular polypep-
tide is correlated with the qualitative and quantitative changes of proteins during develop-
ment. These result are discussed under the following sub-heading to avaoid any ambigusity. 
(A) Stage specific gene products in relation to Morphogenesis & Maturation: 
A complex polypeptide profile was obtained by coomassie and silver staining pro-
cedures and the complexity increases with the maturation of the parasite. Silver staining 
revealed comparatively large number of polypeptides with the apparent molecular weight 
range of < 29 to 205 kDa. Moreover, majority of the polypeptides which were visualized 
by coomassie brilliant blue, were also detected bv the silver staining but few polypeptides 
(Mr 75, 41, alongwith some minor polypeptides) were negatively stained and therefore could 
not be seen in the photograph. Due to the complexity of polypeptide profile they were 
grouped into three categories (conserved, stage specific and variable) according to their presence 
and absence during the development. Such complexities are expected for a metazoan parasite 
which possess various tissue and organ systems, appear at different phases of development. 
Polypeptides having molecular weight of 153, 125, 109, 96, 90, 82, 72, 67, 64, 46, 40, 34 
and several polypeptides of <29 kDa were detected in all the developmental stages and referred 
as conserved polypeptides. These are presumably basic component of structvu-al and fimctional 
organization of the parasite and therefore being continuously synthesised throughout the de-
velopment of the parasite. Of these polypeptides with molecular weight of 72, 34 and one 
< 29 kDa showed quantitative increase in their concentration during the development. Un-
fortunately no previous report is availoable from any other cestode species. However, in F. 
hepatica, when soluble proteins of 4.5, 8, 11 and 18 weeks old fluke were analysed by SDS-
PAGH, majority of the polypeptides (having molecular weight of 220, 200, 170, 160, 150, 
136, 125, 100, 82, 73, 65, 58, 57, 56, 50, 35, 33, 29, 25, 23, kDa) were found conserved during 
the development (Anderson, 1989). In another study surface proteins of Schistosomula and 
adult S. mansoni, isolated by various techniques, were analysed by electrophoresis under 
reducing and non reducing condition. It was observed that majority of polypeptides (having 
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molecular weights of 150, 105, 100, 85, 78, 68, 55, 46, 40, 36, 26, 20 and 16 kDa) were 
conserved in both the stages. However, polypeptides specific to Schistosomula and adult were 
also identified ( Philipp and Rumjan|k, 1984). 
The characteristic polypeptides for each developmental stage showed strong correla-
tion with the morphological development of the parasiteTable 2. In protoscoleces a polypep-
tide having molecular weight of 101 kDa and several polypeptides with molecular weight 
of < 29 kDa were found specific for the larval stage. These polypeptides are either of hydatid 
cyst of buffalo origin or precursor of other polypeptide which disappeared once the intestinal 
phase of development started. Host origin proteins have been reported fi-om the surface of 
protoscoleces since the protoscoleces remain in the cyst fluid which partially contains host 
material (McManus & Barrett, 1985). However penetration of host proteins in to protoscoleces 
remains to be established, since earlier attempts to demonstrate pinocytosis in Echinococcus 
using ferritin proved unsuccesful (Smyth, 1969). But, host origin proteins have been reported 
from the surface of other parasites WVeWucheraria bancrofti, Loa loa and Dirofilaria immitis 
(Philipp and Rumjaneck 1984; Scott et al., 1988). In a similar study, McManus and Barrett 
(1985) reported complex polypeptide profile of horse origin protoscolces. Approximately 50 
major polypeptides in the molecular weight range of < 14 to > 200 kDa were resolved, 
however molecular weight of individual polypeptide was not given. 
In addition to this, characteristic polypeptides were also detected in the developmental 
stages of the intestinal phase.The transformation of cystic stage of the parasite to intestinal 
stage is accompained by many physico-chemical changes of the habitat leading to physiologi-
cal adjustments as well as growth processes in the parasite, therefore such characteristic polypep-
tides are expected. Although all the developmental stages have identical genomic information 
but changes in the surrounding in which that information is expressed, may be responsible 
for differences (Bryant and Flockhart, 1986). Polypeptides having molecular weight of 135, 
& 60 kDa, 54 & 38 kDa and 108, 104, & 32 kDa were characterstically present in 8, 32 days 
stage and adult worms respectively. The 8 days old stage of the worm is characterized by 
differentiation of anlagen and elongation of the body while 32 days stage and adult worm 
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are characterized by development of reproductive glands and maturation of hexacanths respec-
tively. Therefore, characteristic polypeptides detected in these stages are either some enzymes 
which are required for a particular function at particular stage of development or transitory 
protein which are utilized in the subsequent stages of development. These transitory proteins 
may be of tegumental origin. The glycocalyx which cover the surface membrane is a dynamic 
structure with a turnover time of about 6 hrs. derived from studies using tritiated galactose. 
The surface materials are continuously synthesized within the rough endoplasmic reticulum 
and golgi complex of the perikarya and packaged into membrane limited secretory bodies 
which are then transferred to the surface layer (Threadgold, 1984). Besides this, characteristic 
polypeptides of 32 days and adult stage may also be attributed to the hexacanth, or to the 
secretory activity of the associated glands of reproductive system which are active during this 
phase of development. Similarly Macpherson and Smyth (1985) have also reported an addi-
tional isoenzyme of glucose-phosphate isomerase in adult E. granulosus and suggested that 
new isoenzymes are synthesised to adapt diffirent physiological conditions of the small in-
testine of definitive host. In another study different isoenzymes have been demonstrated in 
various developmental stages of ^. diminuta (Walkey and Fairbarin 1973; Logan et al., 1977). 
Interestingly polypeptides having molecular weight of 144, 130, 105, 69, 61, & 45 kDa were 
developed at 16 days stage of development and persist up to adult stage of parasite. Appear-
ance of these polypeptides coincide with the development of reproductive organs of the parasite, 
indicating that these proteins are constitutents of the reproductive organs. However, further 
studies are required to ascertain their function and biochemical nature. 
The third group is of variable polypeptides (listed in Table-2), which showed incon-
sistent presence during the development of the worm. Presumably these polypeptides are the 
components of the surface plasma membranes which showed shedding and turnover of its 
component during the development of parasite. This phenomena has been investigated in a 
number of helminth parasites. Shedding of surface {Ancylostoma caninum) imder in vitro 
condition has been reported (Vetter and Klaver-Wesseling, 1978). In trematode tegumental 
membrane turnover is also a well known phenomena, and has been reported in adult Schistosoma 
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mansoni (Philipp and Rumjandc,1984). No previous report is available on the surface polypep-
tide turnover on E. granulosus but ultrastructural studies of protoscoleces and adult surface 
revealed polymorphism in microtriches during the development. In protoscoleces fully de-
veloped microtriches are confined only in the scolex region (Smyth, 1969), while in the aduU 
worm morphologically distinct types of microtriches are present all over the body surface 
(Irshadullah, et al., 1990). 
Further, these three categories of polypeptides substantiate the hypothetical model 
proposed by Rogers and Petronijevic (1982) for the control of development in nematodes 
Authors (loc cit) suggested that the development is controlled by a set of genes, so that each 
life cycle stage has a corresponding gene set. Some of the genes are stage specific other may 
be active at more than one stage of the life cycle, although their control mechanism may 
change. The gene sets are switched on and off at appropriate points in the life cycle, although 
this may involve sequential rather than block changes. The threshold for switching can vary 
through out the life cycle. At certain stages the threshold can be low and development appear 
continuous, at other places in life cycle, such as at infection of final host very specific stimuli 
may be required. However, characteristic polypeptides in the larval and adult parasites may 
further be ascertain by other analytical methods. Since these stages are reported to have host 
protein on their surface, as reported in a number of cestode parasite (Coltorti and Varela-
Diaz, 1974; Hustead and Williams 1977; Flisser et al.,1986). Further, possibly the parasites 
can synthesize host /host like antigens, raises the question, whether or not parasites can make 
use of mRNA to synthesze host proteins (Smyth, 1973) or whether putative molecular mimicry 
may actualy represent host "capture" by parasite via natural transfection (hypothesis reveiwed 
by Howell, 1985). 
On the basis of above discussions it can be concluded that identified polypeptides 
showed definite relationship witli the physiological and morphological development of para-
site. However, further studies are required to ascertain their function and biochemical nature. 
The importance of these polypeptides in chemotherapeutic modulation to block reproduction 
and development of the parasite seems to be an important aspect of the future studies. 
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(B) Stage SpeciHc Gene Products and Antigen Characterisation: 
The presence or absence of a specific polypeptide at a particular stage provides very 
little information about its function. In fact information of this kind is necessary to provide 
a foundation and basic framework for future studies. It is expected that molecular interaction 
of polypeptides with host immune system will unravel various aspects of immunobiology 
of the parasite. Therefore, antigenicity of polypeptides were also determined by immunoblotting 
using different sera from infected dogs as a primary antibody. It was observed that not all 
the polypeptides visualized by silver staining were antigenic. Conversely there are a few 
antigenic polypeptides which were detected by immunoblotting in a particular stage were 
absent in the silver stained electropherogram. This may be due to the limittation of silver 
staining, since tertiary binding in the case of immunoblott increased the sensitivity (Harlow 
and Lane, 1988). 
The maximum antigenic polypeptides were detected in the protoscoleces followed by 
8 and 16 days stages of the parasite, whereas other stages (24, 32, and 40 day) showed decline 
in antigenic polypeptides. The factors responsible for initial increase in antigenicity and 
subsequent decline in the antigens in the later stage of development is difficult to explain 
at this stage, but it seems to be an important adaptation for the establishment of successful 
host parasite relationship to make the host immune environment more favourable. Unfortu-
nately no other study is available on this parasites or any other strain ofE. granulosus. Although 
biochemical turnover during the development of E. granulosus has been reported from this 
laboratory. The level of glycogen, protein, lipids, RNA, DNA, and free fatty acids gradually 
decreases in the first 16 days, thereafter most of the biochemical components except glycogen 
showed an increase in the 24 days stage. Further, after 24 days stage glycogen and triglyceride 
showed sharp decline whereas increasing trends were observed for other components ( 
IrshaduUah, 1994). Such biochemical changes during the development of the parasite can be 
correlated vdth the energy requirements for organogenesis and maturation. Thus it is expected 
that initially synthesized components may be antigenic and hence revealed greater degree of 
antigenicity at early phase of development. A number of studies are available from other 
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parasites which substantiate the findings of maximum antigenicity in the early developmental 
stages. Liu et al., (1983) isolated the different developmental stages of S. japonicum from 
mice and assayed the IgG response by indirect immunofluorescent antibody test. It was concluded 
that IgG against larvae (cercariae) appeared earlier and reached at higher levels in mice with 
unisexual male infection. Similarly, Parkhouse and Clark (1983) investigated the antigenicity 
of new bom larvae, infective larvae and adult and observed that soluble somatic antigens 
revealed maximum complexity in new bom larvae, than infective larvae and adult T. spirates. 
Further, it has been reported that serum antibody titer of mice infected with Angiostrongylus 
malaysiensis, showed similar pattern to L3 larvae and adult worm antigens. The higher an-
tibody response was detected by L3 larval antigen in early period after infection (5-10 days 
p.i.), whereas adult worm antigen showed higher response on 30th day p.i. (Ratanaponglakha 
and Ambu, 1989). In addition to this, Northern and Grove (1990) detected complex polypep-
tide profile in infective larval and adult S. stercolrelis Analysis of these antigens with infective 
human sera showed most sero reactivity with larval antigens. 
Thus it is evident that with the age of the parasite, the antigenicity decreases. The 
minimimi antigenic polypeptides were detected in the 24 days old worms and thereafter slight 
increase was noticed which persisted upto the adult stage. Decrease in antigenicity is pre-
sumably due to the immune evasion. Alternatively this may also be due to the transitional 
changes in biochemical composition of the parasite or due to masking of host components 
onto the surface of the paraisite in order to mimic the immune response resulting in decreased 
antigenic recognition. The immune evasion mechanism have been comprehensively reviewed 
by Rickard and Williams (1982). Helminth parasites are known to avoid immune attack by 
a number of mechanisms. Among these, "antigenic shift" is a phenomenon by which the 
parasite overcomes the hostile immune environment and particularly during the development 
of the parasite. The identification of early tissue invasive stage as the targets for antibody 
mediated attack suggests that some form of antigenic variation or shift might occur as a means 
of evasion by older stages of the parasite. The differential serological responses to antigenic 
preparations of onchosphere and cysticerci in sheep infected with T. ovis or T. hydatigena 
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(Craig and Rickard, 1981), suggest the stage specificity of antigenic determinants. 
Antigen masking is another way of immune evasion in which the host derived sub-
stances are shared by the tegumental surface plasma membrane and creating immune con-
fusion for the hosts. It has been emphasized the proposition that host-derived antibody, rather 
than antigen, may be the effector of masking (Varela-Diaz et al., 1972). Further, it has been 
observed that when cysticerci of T. pisiformis was implanted into rabbit af^ er exposure to 
heterologous anti rabbit immunoglobulin, revealed mark decline in survival of treated parasite 
compared to control (Rickard, 1974). This substantiates the idea that a layer of host antibody 
on the tegumental limiting membrane protects it from recognition and attack. 
Besides this, "molecular mimicry" have also been reported for helminth parasites. Williams 
et al., (1980) have detected IgG on the surface membrane of T. solium by immunoelectron 
microscopy. This surface IgG was purified, but showed no specificity for antigens of cys-
ticercus and the possibility that it was synthesized by the organism was ascertained by in 
vitro translation of parasite derived RNA. It was observed that one of the translational 
products precipitate with rabbit anti-pig IgG, indicating that cestode parasite synthesized host 
mimicking antigens. 
Further, parasites are known to suppress the immvme response by antigen competition, 
enhance generation of T-cell suppressor population, direct inhibition of lymphocyte reactivity 
by parasite secretions and defective antigen processing by macrophages. It has been reported 
that mice infected with T. crassiceps showed impaired ability to make antibody against sheep 
RBC ( Good and Miller, 1976). Similarly E. multilocularis infected mice, showed unrespon-
siveness to Echinococcus antigen (Ali Khan, 1978), presumably this is due to massive release 
of E. multilocularis antigen from the enormous burden of parasite. Besides this, a substance 
in cyst fluid of E. granulosus have been found to cause suppressive effects on lectin re-
sponsiveness of lymphocyte ( Annen et al., 1980). 
In addition to this, antigenic modulations by surface membrane have also been re-
ported from S. mansoni (Kemp et al., 1980) which indicate the possibility that comparable 
manoeuvres could be xmdertaken by taeniid larvae. In schistosome ligand binding to membrane 
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determinants quantitatively alter the expression of these antigen by exocytosis. It seems unlikely 
that the adherence of ligands (antibody molecules or otherwise) would be entirely without 
consequences for taeniid larvae because the phenomenon of movement of membrane constitu-
ents like patching and capping, in response to receptor bridging appears to be generalized 
feature of plasma membrane reactivity. 
A number of helminth parasites are also known to be encapsulated, however their re-
lationship to the incapsulating host response is not known. It may contribute to an effective 
sequestration of the parasite from immune attack. It has been reported that T. solium in the 
central nervous system usually lead to minimal host cellular reaction as long as the organisms 
are alive ( Showramma and Reddy, 1963; Marquez-Monter, 1971). 
Besides this, helminth parasites are also reported to directly interfere with host immune 
systems. Annen et al., (1980) have reported that E. granulosus materials are capable of in-
hibiting host lymphocyte responsiveness to non specific transformational stimuli. Similarly, 
T. taeniformis releases the complement consuming factors (Hammerberg and Williams, 1978) 
which provide evidence for the direct interference with the host effector mechanism. 
In addition to this, the polypeptides released fi-om the ribosomes is not necessarily the 
final fiinctional form of the protein and it may go post translational modifications (limited 
proteolysis, glycosylation, phosphorylation), assembly in to a larger multi sub-unit protein 
or translocation. In another cyclophyladian cestode, H. diminuta, Siddiqui et al., (1987) have 
demonstrated that regulation of gene expression during development occur almost exclusively 
at post translational level, and suggested that each proglottids possess a complete protein 
synthetic machinery and at some point during development, the existing store of information 
is selectively translated due to post translational regulatory mechanism. There are several 
factors which regulate the use of mRNA like "masking protein" (Kaumeyer et al., 1980; 
Braude et al., 1979; Siegers et al., 1977), occurrence of mRNPs activating protein synthesis 
(Raff, 1980) and also intracellular pH (Winkler et al., 1985) concentration of initiation and 
elongation factor, aminoacyl tRNA synthetase, tRNA, ATP and GTP (O'Melia and Vilee, 
1972; Felicetti et d., 1972) may also play a role in protein synthesis. It is therefore expected 
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that antigenic polypeptides turnover may be a consequence of a rapid adaptation to the new 
environment during the life cycle of the parasite. 
The foregoing discussion revealed that helminths can avoid the immunologically hostile 
envirorunent by a number of evasion mechanisms. It is possible that in the present study some 
of the stage specific gene products E. granulosus which have not been recognized after some 
period of the post infection sera may also follow the same pathway. However, this certainly 
requires future studies to explore the exact mechanism of evasion in this parasite. 
In the present study specific antibody response was detected as early as on 4 days post 
infection by immunoblotting technique. In a similar study, Deplazes et al., (1992) reported 
Echinococcus specific IgG response 5 days post infection by ELISA and concluded that early 
response of IgG depends on the worm burden. The earlier studies have reported significant 
variation in the onset of IgG response. Movsesijan and Mladenovic (1971) reported antibody 
precipitation on scolex and genital pore region of Echinococcus with immune sera collected 
after 14 days post infection by IFA technique. Whereas Herd et d., (1975) were unable to detect 
precipitation up to 38 days post infection sera with E/S antigen using gel diffusion techniques. 
Moreover, Al-Khalidi (1982) reported statistically insignificant change in IgG response during 
early phase of infection and correlated the absence of IgG with the active participation of IgA 
during this period and provided evidence for the occurrence of IgM and IgA in the faecal 
matter. Further Jenkins and Rickard (1986) detected E. granulosus specific antibodies within 
two weeks of infection using scolex E/S antigens and crude extract of protoscoleces, but 
antigen from onchosphere of E. granulosus did not react with sera from infected dogs. Fujii 
(1989) detected Angiostrongylus cantonensis specific antibody in mice on 7 days post in-
fection by ouchterlony. Contrary to this, Smith and Herbert (1976) reported that pigs infected 
with single dose of third stage Hyostrongylus rubidus larvae showed a detectable circulating 
agglutinin response as early as 2 days post infection. It is therefore the variation in detection 
of the onset of antibody production seems to be dependent on sensitivity and specificity of 
the techniques and be on the host species. 
In the present study it was observed that antibody response against specific polypep-
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tides, synthesized at a particular stage can only be detected by the post nfection sera collected 
after 4-8 days of the polypeptide development. Presumably this duration is essential for the 
sensitization, proliferation and scretion of specific antibodies. It has been reported that normally 
5 days are required for the production of specific antibodies (Hood et al., 1984) however it 
may vary depending upon the nature of antigen and parasite species. 
The results of present study clearly revealed that the maximum antigenicity in devel-
oping worm was recorded with 24 days PI sera, indicating a higher antibody titer on 24 days 
post infection. The developmental biology of this parasite alongwith the pathophysilogical re-
sponse have also been investigated (Irshadullah, 1994). Among the serum proteins, higher 
globulin level was detected during 24 and 32 days post infecton, whereas among different 
blood cells, RBC count was significantly decreased with the duration of infection, while 
leucocyte count was significantly higher up to 24 days stage. Further, mean corpuscular volume 
(MCV) was lower at 4 days post infection while an increasing trend was noticed after 24 
days post infection (Irshadullah, 1994). Thus, it is evident that not only antibody titer remains 
higher during this phase of infection, but also physiological condition of the host showed 
significant changes in haematological profile. Hence it can be concluded that this phase (24 
days) is critical for both host and parasite, in order to establish a successful host-parsite 
relationship. It is an established fact that biochemical profile of host and parasite will 
definitely influence the immunological picture, because resistance or susceptibility to par-
ticular parasite in a host is influenced by a coordinated action of biochemical and immuno-
logical status of the host. 
E. granulosus in duodenum makes an intimate contact with the intestinal epithelium 
(Smyth, 1964b; 1969; Thompson et al., 1979) and elicit host immune response, since Echi-
nococcus specific antibody have been reported by a number of workers (Smyth, 1969; 
Movesesijan and Mladenovic, 1971; Barriga and Al-Khalidi, 1986; Jenkins and Rickard 
1986; Gasser et al-,19^9; 1990; 1991; 1993). But not all the parasite components elicit same 
degree of immune response, presumably some components may be strong antigen and will 
elicit early immune response, the other may be weak antigens resulting in delayed immune 
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response. As it has been reported that in a "competition of antigens", when a mixture of weak 
and strong antigens were inoculated, the animal fails to respond to the weaker antigen (Boyd, 
1966). However repeated sensitization with weaker antigens evoke sufficient immune response. 
It is expected that by the day 24, the host has developed sufficient antibody titer against 
most of the antigens leading to the mounting of immune pressure on the parasite. Conse-
quently, parasite releases the immune pressure either by capping of immune complexes or 
by turnover of antigens, resulting in to decline in number of antigen in the subsequent stage 
(32 days worm). However, the parasite components which are synthesized at or after 24 days 
stage again stimulate the antibody production, consequently slight increase in number of 
antigens were detected for the adult stage of the parasite. Unfortunately no other study has 
been carried out in the case of Echinococcus, but there are some reports available from other 
parasites. Smith and Herbert (1976) observed that pigs infected with single dose of third stage 
Hyostrongylus rubidus larvae showed a detectable agglutinin response as early as days post 
infection. However, titer fluctuated considerably in the beginning and thereafter the maximum 
titer occur between 18 and 24 days post infection. This shows that during prepatent period, 
antibody titer showed a rapid increase followed by an equal decrease, after which titer remains 
stable or increase gradually. It was concluded that initial stimulation and production of 
circulating antibody would probably be due to the exsheathing and active migration of third 
stage infection larvae. While decline in titer was correlated with the histotropic phase of 
development which provides less intense stimulus and lead to the decline in antibody titer. 
Very little information is available on the onset of immune response against a par-
ticular stage specific antigen. This certainly requires another study in which the duration of 
the collected sera should be short so that the period of sensitization and appearance of 
antibody could be determined according to the antigenic determinant. However, Ito and 
Onitake (1987) reported that embryophore and hexacanth of H. nana gave IgG positive 
reaction with immime sera collected from day 5 onward post infection. The cysticercoid and 
15-16 days old worms were found non-reactive with 5 days p.i. sera. The scolex of 15-16 days 
old worms became IgG positive with 30 days PI sera, but strobila remained non-reactive. 
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Further, the strobila and scolex of 15 days and 100 days old worms showed IgG positive 
reaction when sera collected from 50 days onwards were used. It clearly indicates that an-
tigenicity of parasite changes throughout differentiation and maturation, and host recognition 
to these antigens as reflected by antibody production is always delayed in relation to the 
maturation of infection. 
Further, the analysis of present data revealed that majority of antigenic polypeptides 
having different molecular weights either belong to the category of variable or stage specific 
antigen. But antigenic polypeptides with apparent molecular weights of 136, 70-75, 60-62 & 
45 kDa were recognized with most of the post infection sera in majority of the parasitic stages 
and seems to be conserved. It is expected that the conserved antigens could be exploited for 
protection and diagnostic studies. In recent years recombinant DNA techniques have also been 
applied for studying the antigens and for cloning the potential antigens of helminth parasites. 
This is a powerful tool for the development of defined antigen vaccines. 
The 45 kDa conserved antigen detected in the present study showed apparent similarity 
in the molecular weight with that of potential antigen reported earlier. Gasser et al., (1990) 
constructed cDNA library using protoscoleces of E. granulosus. Among various clones, clOPl 
code an antigen having Mr 42,000, which showed 100 % specificity in ELISA for immunodiagnosis 
of intestinal Echinococcosis. In another study Gasser et al., (1992) also reported potential E/ 
S antigen (43-39 kDa) of E. granulosus. In addition to this, 70 -75 and 136 kDa antigenic 
polypeptides detected in the present study are presumably those antigens which Gasser et 
al., (1992) demonstrated from E/s antigens. Unfortunately the previous reports provide no 
informations about the occurence of these antigens during the development of Echinococcus. 
Besides this, a number of potential antigens have also been reported from E. multilocularis. 
Gottstein (1985) reported Em2a antigen having Mr 54^000 from the metacestode of E. 
multilocularis which showed high sensitivity and specificity for homologous sera. Vogel et 
al.,(1988) constructed a cDNA library using mRNA of £./MuW/ocM/am and reported that 
clone II/3 antigen rapidly degraded into 31 and 33 kDa antigen and both the antigenic polypep-
tides showed strong antigenicity and diagnostic sensitivity. Similarly Muller et al., (1989) 
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reported a clone antigen (antigen II/3-10) forE. multilocularis with a high diagnostic sensitivity 
of 90 % and overall specificity of 99 % for cystic Echinococcosis. Moreover, antigens with 
corresponding molecular weights were also detected in the present study, but showed incon-
sistent presence, detected either in early or late stages of the parasite. The antigenic polypep-
tides with molecular weight of 60-62 kDa detected in the present study, showed apparent 
similarity in the molecular weight with other antigen reported earlier. Hemming and McManus 
(1991) identified a diagnostic antigen EM4 having Mr 66 kDa from the cDNA library of larval 
E. multilocularis, and reported 100 % specificity for multilocular cyst. Similarly, Frosch et 
al., (1991) constructed cDNA library using mRNA oiE. multilocularis and five positive clones 
were identified with hydatid patient sera. Intrestingly all the five clones proved to code same 
antigen having Mr 65 kDa. 
The fate of these potential antigens reported by other workers during the development 
has remained unknown, whether these antigens are present only in protoscoleces or conserved 
during the development. It has been generally suggested that "highly conserved" antigens among 
different developmental stages are believed to be crucial for the parasite survival and most 
effective vaccine is one that targets all the stages of parasite. 
Unfortunately no other reports are available on stage specific antigen of £. granulosus. 
However, during survey of literature it was noticed that H. microstoma, Angiostrongylus 
cantonensis have been investigated for stage specific and conserved antigens during the de-
velopment (Ito et. al., 1989; Dharmkrong-AT and Sirisinha,1983). Moreover, Bohn and Konig 
(1985) developed the monoclonal antibodies and reported that all 38 monoclonal antibodies, 
recognized larval antigens particularly surface antigens. Out of these 10 antibodies were found 
specific only for worm antigens. 
Stage specific antigens have also been reported in the cellular immune response. Pri-
mary immune lymph node cells could not distinguish between various antigen preparations 
of S. mansoni. Among various T-cell clones found reactive to soluble egg antigens of S. 
mansoni, only 5 clones were reactive to all antigen preparations, 2 clones reactive to soluble 
egg antigen, cercarial extract and schistosomula were detected. In addition to this, 3 clones 
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reactive to soluble egg antigen & cercariae, and 12 clones reactive only to soluble egg antigens 
were identified ( Mak & Sanderson, 1985 ). 
The foregoing discussion clearly reveal that during the development of E. granulosus 
a highly complex picture emerged and out of many screened antigens only four (45, 60-62, 
70-75, & 136 kDa) seems to be conserved and having some protective and diagnostic poten-
tials. However, origin and location of these antigens can not be ascertained at this stage, since 
the total soluble proteins of different developmental stages were used. It is therefore decided 
that these candidate antigens should be screened at the subcellular fraction level. 
The stage specific gene products involved in morphogenesis and organogenesis as well 
as their antigenic profile were analysed. The dynamic nature of the polypeptides obtained 
may be a consequence of change of host and turnover of surface associated proteins as a result 
of physiological adjustment leading to associated biochemical changes in the form of tran-
sitory proteins. This raises some new questions, like nature and origin of stage specific gene 
products, surface plasma membrane turnover and changes in the polypeptides in the sub-
cellular compartments . In view of this, different developmental stages were subjected to the 
sub-cellular fractionation by differential centrifugation and the dynamic nature of polypep-
tides were examined during the development of the worm. 
(C) Isolation and purification of sub-cellular compartments and biochemical char-
acterizations: 
The method of sub-cellular fractionation applied in the present study has been used 
frequently in the past. The advantages and limitations of the method have been comprehensively 
reviewed by various workers (Beaufay and Amar-Costesec, 1976; DeDuve and Beaufay, 1981; 
Mircheff, 1983). The data of biochemical and enzymatic marker suggest that all the fractions 
obtained are relatively pure, however some contamination was also detected. The contamination 
of nuclear fraction with membranes and other organelles observed in this study is not unusual, 
since 50% contamination has been reported for rat liver (Smith and Peters, 1980) and for other 
tissues (DeDuve, 1971). 
The analysis of the biochemical assay of different organelles revealed that alkaline 
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phosphatase, ATPase, DNA, SDH, and LDH are the primary markers of SPM, ICM, nuclear, 
mitochondrial and cytosolic fraction respectively. These results are in agreement with the 
previous reports (Siddiqui and Podesta, 1985a; Podesta et ad-, 1986; McManus and Barrett 
1985; Rahman et al., 1981 a). However, some controversy exists in the choice of detergents, 
isolation procedure and identification of primary marker enzymes. Pappas (1983) has pointed 
out that the brush border preparation obtained by Rahman et ai., (1981 a; b) is inferior to 
the Tris-disrupted brush border fraction (TDF) obtained by Knowles and Oaks (1979). This 
comparison was made on the basis of enzymatic and electron microscopic characterisation. 
Unfortunately, the TDF fraction contains brush border as minor membrane component (Knowles 
and Oaks, 1979), moreover in contrast to the claims of Pappas (1983), appropriate marker 
enzyme studies have not been conducted on the TDF fraction. For example, Pappas (1981, 
1983) stated that only a ouabain-insensitive ATPase was present in the TDF fraction, thereby 
confirming the results of Rahman et al> (1981 b). Since Rahman et al., (1981 b) excluded 
the presence of basal membrane ATPase and mitochondrial ATPase using conventional in-
hibitor studies. Unfortunately, Pappas (1981) tested the ouabain sensitivity only in the pres-
ence of non specific phosphohydrolase, because oubain was added in the presence of Mg*^ 
Furthermore, in a similar study McManus and Barrett, 1985, using E. granulosus, observed 
that "saponin produced the purest microthrix (brush border) preparation, although the yield 
was low attempts to further purify the microthrix enriched fraction by osmotic lysis 
(Knowles and Oaks, 1979) have been disappointing since no additional enrichment of marker 
enzymes have been achieved". Saponin is also the detergent of choice because at concentration 
below the critical micellar concentration it has ability to enhance ATPase activity (Stekhoven 
and Bonting, 1981) whereas Triton X-100, is known to decrease ATPase activity through its 
action on associated lipids (Hokin, 1981). The activity of 5' nucleotidase in the present study 
and in H. diminuta (Siddiqui and Podesta, 1985a) is comparatively lower than the previously 
reported (Pappas and Narcisi, 1982). The reason for the higher activity in the TDF may be 
due to the lack of proper controls for non specific phosphatases, which sometimes hydrolyse 
considerable amounts of substrate, adenosine 5' monophosphate (Campbell, 1962; Siddiqui and 
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Nizami, 1985). In the present study, to estimate the actual 5'nucleotidase activity, samples were 
also incubated with phosphatase substrate (P-glycerophosphate) and the values obtained from 
these incubations were subtracted from the ones obtained by the hydrolysis of adenosine 5'-
monophosphate. 
The purity of the surface plasma membranes obtained in this study is consistent with 
the earlier reports (McManus and Barrett, 1985; Rahman et al., 1981 a, b; Siddiqui and 
Podesta, 1985a). Although some contamination of lactate dehydrogenase and succinic dehy-
drogenase may be due to the leakage or contamination of other organelles which is within 
the acceptable limits. The level of purity obtained for mitochondrial and microsomal fraction 
is substantiated by the reports available on other cellular system by density gradient centrifii-
gation (Steiger et al., 1980; Fujiki et al., 1982; Siddiqui and Podesta, 1985a). Moreover, 
phosphatase and 5' nucleotidase in different fractions may be due to the presence of discoidal 
bodies, since such bodies usually separate with mitochondrial and microsomal fractions and 
a 
have been localized ultrastructurally in H. diminuta (Siddiqui and Podesta, \9%5^. However 
at this stage no definite conclusion can be drawn until a marker enzyme for discoid bodies 
is known. 
Different enzymes of individual fraction showed quantitative variation during the devel-
opment, such biochemical turnover seems to be inevitable on the part of the parasite due to 
metabolic adjustment in the definitive host and due to rapid growth and morphogenesis. Level 
of other enzymes except acid phosphatase, significantly increased during the transformation of 
larvae to juvenile stage. Thereafter slight decrease in the different enzymes levels were observed 
in the subsequent stages of development. Higher activities of membrane enzymes in juvenile 
stage is presumably due to increase in transmembranosis in order to frilfil the metabolic re-
quirements for the organogenesis and egg production, as it has been suggested that metabolism 
of parasites is always geared towards reproduction (Barrett, 1981). 
The higher activities of lactate dehydrogenase and succinate dehydrogenase in cytosolic 
and mitochondrial fractions respectively indicates the purities of these sub-cellular fractions. 
LDH has been reported from other cestodes, which catalyse the terminal reaction of glycolysis 
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leading to the formation of lactic acid. The increase in enzyme activities among different 
developmental stages could also be due to occurrence of isoenzymes in order to adjust in 
intestinal phase which accompanied metabolic changes as Macpherson and Smyth (1985) have 
reported an additional isoenzyme of glucose-phosphate isomerase in adult E. granulosus and 
in other cestode (Walkey and Fairbaim, 1973; Logan et al., 1977). 
The increase level of SDH during the course of development can be correlated with 
the mitochondrial biogenesis, which begins immediately after evagination of protoscoleces (Jha 
and Smyth, 1971). The higher levels of SDH in adult than the larval stage of E. granulosus 
could be a metabolic adaptation to higher O^ tension. Since dissolved O^  in the pulmonary bovine 
cyst fluid ranged from 2.8 to 3.12 mm per ml (Farhan et al., 1959), while in the small intestine 
of mammals O^  concentration ranged from 0-65 mm Hg (Barrett, 1981). 
Among phosphomonoestarases, activity of alkaline phosphatase was found comparatively 
higher than acid phosphatase. This is contrary to the previous report on cysticercus of r. pisiformis 
where predominant occurrence of acid phosphatase has been reported (Erasmus, 1957 a). Alkaline 
phosphatase hydrolyses a wide variety of phosphoric monoester, including various synthetic 
phosphoesters and phosphorylated monosaccharides (hexose, pentose and triose phosphates). 
Moreover, alkaline phosphatase activity has also been demonstrated in isolated brush border 
membrane of//, diminuta (Knowles and Oaks, 1979; Gamble and Pappas, 1980, 1981; Pappas, 
1980; 1981) and in H. microstoma (Pappas and Narcisi, 1982). Phosphodiestarase activity 
hydrolyses intemucleotide bonds (synthetic nucleotide derivatives) and cyclic diester bonds ( as 
found in cyclic-AMP). Moreover, various phosphodiestarases are differentiated on the basis of 
substrate activity. Type I- phosphodiesterase is reported in the membranes of// diminuta (Gamble 
and Pappas, 1981) and in H. microstoma (Pappas and Narcisi, 1982), and function as exo-
nuclease, producing 5'-nucleotides and requiring a free 3'-0H group to fimction. Type II- phos-
phodiesterase produce 3'-nucleotide which requires a free 5'-0H group to fimction while cyclic-
AMP phosphodiesterase hydrolyse cyclic AMP to AMP and these forms have not been detected 
in membrane preparation of H. diminuta and H. microstoma. 
In cestode due to the absence of digestive tract the parasite surface is mainly associated 
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with the assimilation of nutrients from the microenvironment and hence the higher activity 
of alkaline phosphatase could be correlated with the transmembranosis. Further, gradual increase 
in level of alkaline phosphatase during the course of development is an indication of bio-
chemical turnover of SPM. Thus any change in tegument could possiblly bring about changes 
in the activity of alkaline phosphatase. The other possible reason for higher activity of alkaline 
phosphatase in adult could be due to its occurrence in the reproductive organs and uterine 
walls, as this enzyme has been demonstrated histochemically in reproductive organs ofMonizea 
expansa (Erasmus, 1957 b). 
The comparatively higher level of 5' nucleotidase and ATPase in the SPM and ICM 
respectively of the juvenile parasite reflects the higher degree of transmembranosis of metabo-
lites and salvage pathway. The juvenile stage of the parasite certainely requires more precursors 
for protein synthesis to complete the process of organogenesis and maturation of various tissue 
systems. The 5' nucleotidase play an important role in the conversion of nucleotide to nucleo-
side which are then absorbed through the plasma membrane. Moreover the nucleoside uptake 
across the tegument has been reported in helminth (Nollen et al., 1973; 1974). Similarly 
ATPase is found to be a marker enzyme for ICM and has also been reported from the surface 
plasma membranes of other helminths (Podesta and McDiarmid, 1982; Noel and Scares De 
Moura, 1986; Gamble and Pappas, 1981; Pappas and Narcisi, 1982) and in the protoscoleces 
of E. granulosus (McManus and Barrett, 1985). ATPase plays an important role in 
transmembranosis. However Pappas (1983) reported that it is not knwon whether the 5' 
nucleotidase and ATPase activities of H. diminuta represent distinct enzymes or whether the 
two activities simply represent the sequential hydrolysis of terminal phosphates from the 
terminal nucleotide by single enzyme, y-glutamyl transpeptidase is another membrane bound 
enzyme of y-glutamyl cycle, which help in transport of amino acids across the cell membrane. 
The amino acid transport involving the y-glutamyl transpept^ase is an example of group 
translocation mechanism in which amino acid bind to the enzyme protein and the complex 
is transported to inside of the cell where amino acid is released (Lehninger, 1984). The maximum 
activity of y-glutamyl transpeptidase in juvenile indicates the higher amino acid transport 
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which is required for the development of various tissues. The y-glutamyl transpeptidase may 
also catalyse the transfer of y-glutamyl moiety of glutathione which is a key intermediate 
of the y-glutamyl cycle. The y-glutamyl transpeptidase has also been demonstrated in M. 
benedeni but not in A. lumbricoides and F. hepatica (Barrett, 1981). Singh et al.,(1989J 
have also determined the y-glutamyl transpeptidase activity in different regions of the body 
of female Setaria cervi and reported maximum activity in the body wall followed by genital 
tract and intestine. Further, the variation in the level of the enzyme among different devel-
opmental stages could be correlated with the differences in organogenesis and maturation. 
Erasmus (1957 b) has demonstrated a zonation of enyzme activity in M. expansa by histo-
chemical and biochemical tests and suggested that such uneven distribution may be due to 
metabolic differences between proglottids at different stages of development. 
The turnover of various enzymes during the course of development of E. granulosus 
reflects the metabolic changes during the transformation from one stage to another. According 
to Barrett, (1981) the metabolic changes during the life cycle of the parasite may include al-
teration in the intercellular distribution of enzymes as well as different isozymes are involved 
in the larval and adult stages. A this stage it is difficult to correlate the exact function of various 
enzymes in different sub-cellular compartments during the development, therefore further studies 
are required on the isozyme profile and their intracellular distribution in the parasite. 
(D) Localization of gene products in sub-cellular compartments: 
The polypeptide profile of different sub cellular fractions of various developmental stages 
revealed some marked differences in the coomassie and silver stained electropherogram. This 
is due to differential specificity and sensitivity of staining techniques and thus qualitative and 
quantitative differences were observed. A number of polypeptides showing identical molecu-
lar weights but their staining colour may vary among different fractions. Such polypeptides 
presumbly differ either in thier prosthetic groups (may have differential level of glycosylation 
and post translational modification) or in amino acid sequence and thus showed different 
colour staining. Similarly, Sammons et ai., (1981) suggested that silver based colour staining 
of polypeptides in polyacrylamide gels, the colour changes in hue within heterogeneous trains 
of plasma protein, suggest involvement of post-translational modifications and primary se-
quence of polypeptides. Further, when the polypeptide profile of individual fraction were 
analysed with respect to the development of the parasite, it has been observed that individual 
fraction revealed extensive polypeptide turnover although the degree of turnover is varied in 
each fraction. The polypeptide turnover can be correlated with the physiological functions 
of a sub-cellular compartment at a particular stage of development. 
The surface plasma membranes being outermost covering involved in defence against 
host immune system and protection from proteolytic enzymes, therefore maximum polypeptide 
turnover was observed. The host immune components mainly immunoglobulins and complements 
have been detected on the surface of H. diminuta (Befus, 1977). It has been reported that 
complements and secretory products of immune effector cells have been shown to stimulate 
surface membrane synthesis through cAMP and Ca^ "^  dependent second messenger systen., in 
cestode parasites (Young and Podesta, 1986). Whereas ICM and nuclear fraction showed 
comparatively lesser degree of polypeptide turnover. In mitochondrial fraction, polypeptide 
turnover is mainly restricted to the early and mature stages of development. The polypeptide 
turnover in early stage of development may be due to the mitochondrial biogenesis (Jha and 
Smyth, 1971), while turnover of polypeptides in the mature stage can be correlated with the 
development of various isoenzymes in order to adapt the physiological conditions of the 
microhabitat. Further, polypeptide turnover has also been detected in the microsomal frac-
tions, which is expected due to the presence of protein synthesis which is active through out 
the development. In cytosolic fractions, the polypeptide turnover may be due to the presence 
of transitory proteins and stage specific proteins of other organelles which leak out in the 
cytoplasm during the fractionation. 
The polypeptides exclusively detected by the coomassie brilliant blue stain, are presum-
ably calcium binding proteins, since silver staining is insensitive for such proteins (Darbre,-
1986). Calcium binding proteins have been detected in eukaryotic organisms and involved in 
various metabolic processes. A number of physiological processes are modulated by alter-
nation of the activity of Ca^ * sensitive enzymes. In such cases specific "receptor" proteins first 
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bind with Ca^ ^ and then interact with enzymes to modify their activity. Most important 
calcium receptor is Ca^ "^  dependent regulatory proteins (CDR), which is ubiquitously present 
in eukaryotic cells. Siddqui et al., (1991) isolated calcium binding proteins of 5. mansoni by 
hydrophobic affinity chromatography and analysed by SDS-PAGE. Calcium binding protiens 
having molecular weight range of 15 to 205 kDa were resolved in the apical plasma mem-
brane, soluble fraction of apical bilayer complex and total tissue extract. It has been suggested 
that the action of Ca as a second massenger may depend on its specific interaction with 
a different calcium binding proteins (Kretsinger, 1979, 1980). A number of low molecular 
weight CaBPs have been shown to be developmentally regulated (Ram et al., 1989). However, 
their role in stage specific gene expression is still not clear. Although CaBPs are involved 
in stimulus-secretion coupling on the basis of their ability to promote membrane fusion and 
interaction with components of cytoskeleton have been established (Odenwald and Morris, 
1983; Klee, 1988). It is therefore suggested that further studies should be carried out on the 
occurrence and regulation of CaBPs in E. granulosus. 
The alternative reason for the increased turnover in the polypeptides of different fractions 
may also be due to the habitat contributory factors such as masking of the proteins by the host 
polypeptides or due to transmembranosis and salvage pathways of the parasite. As discussed 
earlier, silver staining is comparatively more sensitive than coomassie staining because of its 
affinity wdth conjugated proteins. Therefore only silver stained electropherogram will be dis-
cussed in detail. In the present study five broad group of polypeptides were identified in each 
compartment, showing pronounced variations. 
The surface plasma membrane being outermost frontier, revealed five major conserved 
polypeptides (Mr < 29, 31, 33.5,37-38 & 39 kDa) and seems to be basic constituent of surface 
plasma membranes. Further, three and seven characteristic polypeptides were detected in the 
early stage and early to middle stages of the development respectively. Besides this, five 
polypeptides (Mr (2) < 29, 36.5, 41-42) were exclusively detected in the middle stage. Inter-
estingly the level of membrane bound enzymes were also found maximum during middle stage 
of development. It seems that during this period major aspects of host parasite relationship 
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settled with involvement of isozymes, and is a critical stage for the successfiil establishment 
of parasite in the host. In addition to this, a polypeptide with molecular weight of 31-32 kDa 
and two polypeptides (Mr 52, 112, kDa) were detected in the middle to mature stage and 
mature stage of the worm respectively. As can be seen from the Table 13 and Fig. 16, that 
besides the conserved polypeptides, the polypeptides show a constant turnover during the 
course of the development. Similarly, Irshadullah, (1994) reported tegumental turnover and 
associated biochemical changes during in vivo development ofE. granulosus by histochemical 
techniques. The tegument of 40 days old worm was reported to be thicker than 36 days old 
worm and it was concluded that thickness is due to the accumulation of secretory/excretory 
products. Moreover enlargement of sub-tegumental cell in the adult worm could be due to 
higher secretory activity (Irshadullah, 1994). It is suggested that tegumental changes are due 
to biochemical adaptation to the hostile microenvironment. Although no information is available 
on polypeptide turnover of tegument in E. granulosus, but ultrastructural studies on tegument 
of protoscoleces and adult worm revealed tropographical changes during the development. In 
protoscoleces microtriches are confined only in the scolex region (Morseth, 1967) whereas 
entire surface of adult worm possess fully developed microtriches ( Thompson et al., 1982) 
Tegumental turnover has also been reported from a number of other helminth species. 
The autoradiographic studies have confirmed the occurrence of T, and T^  bodies in the tegu-
ment of aduh F. hepatica (Hanna, 1975, 1980b; Hanna and Threadgold, 1976). These bodies 
are synthesised by rou^h endoplasmic reticulum and Golgi complex, and involved in the 
continuous replacement of fluke surface by inserting new areas and pinching off old surface 
as small vesicles. Tegumental turnover has also been reported in Clinostomum complanatum 
by scanning electron microscopy (Abidi et al., 1988). Among the cestode, tegument of H. 
diminuta has been studied in details. It was observed that in apical plasma membrane out-
ermost leaflet is thicker than the inner one, reflecting the presence of glycocalyx in H. diminuta 
which has been shown to contain a-D-glucopyranoside and a-N-acetyl-D-glucosamine com-
ponent of oligo and polysaccharides. Glycocalyx is a dynamic structure with turnover time 
of 6 h as evident from the tritiated galactose studies. On the basis of incorporation studies 
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of sugar and amino acids, it has been confirmed that the sequence of synthesis, transport 
and exocytosis are the same which occur in trematodes but no T, and T^  bodies were reported 
in cestodes (Threadgold, 1984). Contrary to this. Oaks and Holey (1994) reported that two 
types of secretory products are secreted on to the surface of H. diminuta by two morpho-
logically distinct routes. The soluble secretory products consisting of macromolecules are 
diverted to the intestinal lumen by Omega profile, while the function of microvescular secretion 
is imclear. However, discoidal vesicles in the cytoplasm were distributed from the golgi 
apparatus of the tegumental perikarya to the base of the brush border at the location of Omega 
profile and it was consistent with the cytoplasmic vesicular transport of new secretion prod-
ucts from the sub-tegumental cyton to targeted release at the free surface. Moreover, it was 
suggested that functional relevance of these secretion may be protection from host immune 
system and continuous replacement of the surface plasma membranes. The foregoing discus-
sion lead us to conclude that the SPM of E. granulosus might have similar mechanism of 
tegumental turnover, however, this certainly require future studies by using radio labelling 
techniques to justify the hypothesis. 
The polypeptide profile of internal cell membrane revealed 15 conserved polypeptides 
in the range of <29 to 110 kDa through out the development. Besides this, variable number 
of characteristic polypeptides were also detected for different phases of development (Table 
13, Fig. 17). The ICM fraction showed comparatively more conserved polypeptides than SPM, 
however, few polypeptides were common in both, indicating the basic common structural 
component. The remaining uncommon polypeptides may be organell associated proteins as the 
ICM fractions was prepared after the homogenization of carcasses. Interestingly the level of 
membrane bound enzymes of SPM and IJM were also different and even the marker enzyme 
of the two fractions was found different. These differences lead us to suggest that SPM and 
ICM are functionally and structurally different. 
Among the different fractions, nuclear protein revealed maximum conserved polypep-
tides with a lesser degree of polypeptide turnover. It is expected that the transformation of 
larval stage to aduh may be due to the synthesis of certain specific nuclear enzymes/protein 
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required at various stages of development. A number of other enzymes showing specificity 
for nuclei of various tissues have also been reported (Stem et al., 1952 ). High arginase content 
was detected in the nuclei of liver and calf kidney, but absent fi-om the nuclei of fowl kidney. 
Similarly, catalase concentration was found maximum in liver nuclei, but absent from fowl 
and calf kidney nuclei. It was concluded that enzyme composition of nuclei differ from each 
other in respect to tissues from where they have been isolated (Stem et al., 1952). Moreover, 
increase in the size of nucleus at various phases of development have been described. The 
sperm nucleus increases in volume more than 50 times within 30 minutes of fertilization. 
However the reason for the increase in nuclear volume was not explained (Markert and 
Ursprung, 1974). It may be possible that during development and morphogenesis some specific 
nuclear proteins may be required in higher quantities to regulate the cellular activity leading 
to the increase in size. 
In mitochondrial fi-action 14 conserved polypeptides present in all the developmental 
stages were detected. These polypeptides seem to be basic constituent of mitochondria and 
present in both acristate and cristate forms of mitochondria. Further, early stage and early to 
middle stage of the parasite, revealed eight polypeptides each, in the range of <29 to 120 kDa. 
There was no characteristic polypeptide in the middle stage, however two and seven polypep-
tides in the range of <29 to 144 kDa were detected in the middle to mature stage and mature 
stage of development respectively. Such qualitative and quantitative variations in the polypep-
tides of mitochondrial fractions can be correlated with mitochondrial biogenesis in E. granulosus. 
Since mitochondrial biogenesis is well known adaptation of the parasite and has been reported 
from protozoan to helminths. In freshly evaginated protoscolecs of E. granulosus, the distal 
cytoplasm is almost devoid of mitochondria but rich in unusually dumbbell shaped membranous 
bodies (Jha and Smyth, 1971). After 24 to 48 hrs. under in vitro culture, the dumbbell shaped 
bodies differentiated into mitochondria. Mitochondiral biogenesis is presumably associated 
with metabolic changes which are more suitable to the physiological conditions prevailing 
in the dog intestine. Thus the polypeptide turnover in the mitochondrial protein is expected. 
The other factors responsible for polypeptide tumover may be the synthesis of proteins 
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by mitochondrial DNA. The biosynthesis of mitochondria involves the contribution of two 
separate genomic systems. Albert et al., (1989) reported that most of the mitochondrial proteins 
are encoded by nuclear DNA and imported into organelle from cytosol after they are syn-
thesized on cytosolic ribosomes, however some proteins are encoded by the organelle DNA 
and synthesized within the organelles. Moreover the protein transport between the cytosol and 
mitochondria seem to be unidirectional, since no protein is known to be exported from mi-
tochondria to cytosol. Therefore protein synthesized by mitochondrial DNA is characteristic 
to the organelle. Further, Feagin and Stuart (1985) investigated the mechanisms which regulate 
the differential expression of respiratory chain enzymes during the life cycle of T. brucei. 
These authors found that control of enzyme production involves differential expression of 
mitochondria] gene between blood stream and procyclic stages of parasite and hence a similar 
phenomena may be expected in E. granulosus. 
In microsomal fraction, besides the proteins which are conserved in all the develop-
mental stages, continuous turnover of polypeptides during the development was observed 
(Table 15, Fig. 19). This fraction mainly consists of protein synthetic machinery. The quan-
titative and qualitative requirements of proteins vary during different phases of development. 
Therefore, polypeptide turnovers is presumably due to synthesis of different proteins at dif-
ferent stages of development. Whereas the conserved microsomal polypeptides can be cor-
related with the structural protein of various microsomal components. 
The microsomal membrane vesicles are generally used in thejn vitro translational systems 
to assay for cotranslational processing of secretory and integral membrane proteins (Rothman and 
Lodish, 1977). The microsomes possess appreciable "signal peptidase" (Blobd and Doberstein, 
1975) and core glycosylating activities which modify electrophoretic mobility of a given protein, 
provided that it possess the requisite N-terminal sequence of approximately 15-30 hydro-
phobic amino acid "signal peptidase" (Milstein, et al., 1972). The shift of about 2 kDa has 
been reported for a variety of protein, using ID-PAGE (Szezesna and Boime, 1976). Besides 
these, charges modification occur due to phosphorylation, deamination, acetylation and addition 
of sialic acid residue (Dunn and Burghese, 1983a). Furthermore, a difference of 2 % in molecular 
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weight is routinely considered to be within acceptable limits of error (Shapiro and Maizel, 
1969). 
In addition to the protein syntheis, various functions of microsome have also been re-
ported in other tissues. Brachet (1957) reported that some esterases are strongly concentrated 
in microsomal fraction and play an important part in the synthesis of taurocholic acid, which 
involves the intervention of ATP and coenzyme -A (Elliott, 1954) in the synthesis of cholesterol 
(Bucher and McGarrahn, 1956) and glycerides (Stein and Shapiro, 1957). Moreover the pres-
ence of a special type of cytochrome (cytochrome b5) and DPNH-cytochrome C reductase 
in microsome (Strittmatter and Ball, 1952; 1954), suggest that this pigment may play a role in 
respiratory process, which might be different from usual oxidative pathway. The presence of 
adenosine triphosphatase, adenylate kinase and adenylic acid deaminase (Abood and Romanchek, 
1955) further support that some kind of energy yielding reaction might occur in this fraction. 
The polypeptide turnover in microsomal fraction during the development of parasite is due 
to a number of factors. Such diversified functions of microsomal fraction will definitely show 
variation during the development of the parasites, and resulted in to a pronounced turnover 
in the polypeptide profile, 
On comparing the polypeptide profile of the total worm homogenate v^th the different 
fractions, it was observed that there are some polypeptides which are present in the total 
homogenate but absent in the sub-cellular fractions. Such polypeptides may either be some 
peripheral proteins of the surface plasma membrane or some sensitive enzymes which are 
degraded during the sub-cellular fractionation. Majority of the membrane proteins are hydro-
philic which are presumably dissolved during the detergent treatment of the parasite and 
subsequently get lost in the process of reconstitution of membranes. Contrary to this, there 
are some polypeptides which are exclusively present in differemt fractions but absent in total 
homogenate. This may be due to the purity and concentration of the polypeptides which 
significantly increases as a result of sub-cellular fractionation. Release of the peripheral protein 
and enzymes in the incubate has been reported by many workers. Simpson et al., (1981) and 
Cesari et al., (1981) reported that incubation of S. mansoni for 5 min. in phosphate buffer 
199 
saline (pH 7.4) at 37°C followed by the isolation of membranes component by discontinuous 
sucrose gradient, revealed appreciable quantities of different en2ymes (alkaline phosphatase, 
5'Nucleotidase, glycerol -1-2 phosphatase, glucose-6- phosphatase, phosphodiesterase and 
ATPase). Similarly Robert et al., (1983), Kusel et al., (1984) and Taylor and Wells (1984) 
incubated S. mansoni in different osmolarities of Tris-HCl and observed some enzymes in 
the incubate. 
The above discussion clearly reveals that, besid -s the conserved polypeptides, a high 
degree of polypeptide turnover was observed in each fraction. The maximum polypeptides 
turnover in surface plasma membrane and maximum conserved polypeptides was observed 
in the nuclear fraction, shows functional correlation of subcellular fractions. It is therefore 
worthwhile to investigate the antigenic nature and to fmdout their role in immune response. 
(E) Antigenic polypeptides of sub-cellular fractions and Con-A affinity: 
It can be seen from the results of the localization of antigenic polypeptide of sub 
cellular fractions that the number of antigenic polypeptides detected in different fractions 
showed many fold increase compared to the total worm homogenate. This may be due to the 
incff^ ased purity and concentration of proteins acheived by cell fractionation. As Evans (1982) 
pointed out that differential centrifligation is one of the reliable method for purification and 
separation of cell compartments. The comparative increase in total number of antigenic 
polypeptides showed a relation with the development of parasite. The maximum increase in 
antigenic polypeptide was observed in adult worms while larval stages showed minimum 
increase. Contrary to this when total worm homogenate of different developmental stages were 
analysed (as discussed above) the antigenicity of the larval stage was found maximum com-
pared to the adult worm. This contradiction is presumably due to the fact that during the 
development, parasite gradually masks the host component onto its surface in order to mimic 
the immune response (Rickard and Williams, 1982). The other possible reason may be due 
to the detergent treatment and reconstitution of SPM which resulted in removal of masks 
host proteins and exposure of the parasite surface proteins. Since peripheral proteins which 
are believed to be associated vdth polar head groups on the outer faces of lipid bilayer are 
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known to dissociate easily by mild treatment (even by slight change in pH) in non aggregated 
form and lost during the reconstitution of membrane (Harrison and Lunt, 1980). Thus, the 
dissolution of surface adhering proteins by detergent and subsequent loss in the process of 
reconstitution of membrane is expected. Moreover, such factors are insignificant for the antigens 
localized in the inner compartments, therefore increase in number of antigens of inner com-
partment of adult worm is obvious. 
Antigenic polypeptides of sub-cellular fractions showed pronounced turnover during 
the development and distinct qualitative and quantitative differences between IgG and IgM 
specific epitopes were observed. However, few totally and partially conserved antigens in 
each sub cellular fractions were simultaneuously recognized by both IgG and IgM of most 
of the PI sera, and they are presumably multivalent antigens. Binding of antibody to a multivalent 
antigen is a complex process compared to the binding of monovalent antigens. In such in-
teractions simultaneuously several different factors are involved and binding of one antigenic 
determinant affects the rate of binding of other on the same molecule (Hood et al., 1984). 
Recently it has been reported that prosthetic group of a polypeptide may play an important 
role in antigenic response. The glucidic epitopes evoke mainly IgM response, while peptidic 
epitopes evoke mainly IgG response, however both types of epitopes can also elicit both types 
of immunoglobulins response (Hernandez and Nieto, 1994). 
Among the different fractions, surface plasma membranes revealed maximum turnover 
during the development, leading to the identification of only three potential conserved antigens. 
Out of these, antigenic polypeptides with Mr 31 and 37-38 kDa were conserved in all the 
developmental stages, while 112 kDa antigen was partially conserved in the mature stage of 
the parasite. However, these antigenic polypeptides did not showed affinity for Con-A, al-
though the surface of helminths are reported to be heavily glycosylated (Threadgold, 1984; 
Philipp and Rumjaneck, 1984). This may be due to the selective and specific recognition by 
Con-A towards a-D-mannose and a-D-glucose prosthetic group of glycoprotein, or due to 
the low concentration of glycoprotein antigens. When the surface glycoprotein of different 
developmental stages were purified by con-A affinity chromatography and subsequently analysed 
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by SDS -PAGGE and immunoblotting, pronounced qualitative and quantitative variations 
were observed during the development. A total of 14, 15, 11, and 13 glycopeptides in the 
range of 14 to 180 kDa were detected in the protoscoleces, 16, 24 and 40 days mature stage 
of the worms respectively. Besides the glycopeptides which are conserved among various 
developmental stages, variable surface glycopeptides (VSG) were also detected. Among these 
only three glycoproteins (16, 60, 70 kDa) were found to be antigenic, glycopeptides with Mr. 
60 and 70 kDa showed weak and variable immune response with different PI sera. While 16 
kDa glycoprotein showed consistent immune response throughout the development with 
circulating IgG of most of the PI sera. Conserved nature and consistent reactivity with different 
PI sera, make it a potential candidate for future study leading to the development of either 
defined putative vaccine or potential immunodiagnostic antigen. However antibodies devel-
oped during the course of infection did not showed any adverse effect on the infection. Masking 
of host components on the surface by the parasite have been reported from a number of 
helminths. Low density lipoproteins (LDL) of host are known to be absorbed on the surface 
of schistosomulae and modulate the lymphocyte activity, thus inhibit the binding of comple-
ment factors onto the surface membrane and provide intrinsic resistance against host immune 
attack. In addition to this, immune component of the host like heavy chain of major histo-
compatibility complex gene products of mouse (2HK), has been detected on the surface 
membrane of schistosomula (Philipp and Rumjaneck, 1984). These host components create 
immiuie confusion for CDMT cells which are responsible for initiation of antiparasite re-
sponse and thus provide added advantage to the immune evasion mechanism.The other reason 
for occurence of a few glycoprotein in the SPM may be the masking by the non 
glycoproteinaceous molecule on the surface. Although no such report is availbale from Echi-
nococcus , but studies on other parasites revealed that carbohydrate does not seem to be 
directly exposed on the surface, as Steiger (1975) showed that a negligible amount of con-
canavalin A (Con-A) bound to the untreated tiypanosomes while bind heavily with proteolytic 
treated worm. Further, Wright and Hales (1970) observed a high degree of surface masking 
with Con-A negative proteins in Trypanosoma bruci. 
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Internal cell membrane fraction revealed comparatively higher nxmiber of potential 
antigens. A total of seven (completely and partially conserved) antigens (Mr range <29 - 132 
kDa) have been identified. Among these, antigenic polypeptides having molecular vs^ eight of 
< 29 , 53, 75 and 132 kDa showed Con-A affinity. The variations in the glycoproteinaceous 
nature of potential antigenic polypeptides between SPM and ICM is presumably due to the 
differential degree of glycosylation. The glycocalyx of the apical plasma membrane mainly 
contain a-D-glucopyranoside, a-N-acetyl-D-glucosamine and sialic acid (Threadgold, 1984) 
whereas the glycocalyx is absent in the ICM. Oligosaccharide are attached to nearly all plasma 
membrane proteins during their transport from the endoplasmic reticulum/Golgi apparatus 
involving complex enzymatic reactions. The prosthetic group of a glycoprotein is determined 
by the sets of glycosyltransferases present in the cellular machinery (Hood et al,, 1984). 
As each sub-cellular compartment perform specialized functions hence due to the differential 
activities of glycosyltransferases in various sub-cellular compartments diversity in the gly-
copeptides among different sub-cellular compartments is expected. It is therefore worthwhile 
to investigate the glycoprotein of this parasite by some other lectin. Variation in the anti-
genicity of surface plasma membrane and intemal cell membrane may be due to the different 
protein composition of the two fractions. Moreover these two fractions also showed differ-
ences in their marker enzymes and polypeptide profile (as discussed above). Comparatively 
less number of antigenic polypeptides in the surface plasma membrane than the intemal cell 
membrane may be due to the presence of repeated antigenic determinant in the SPM. Such 
repeated epitopes are efficient in generating an intense specific antibody response (Zavala et 
al., 1983), however it may limit the diversity in the antigenic polypeptide of SPM. The 
repeated sequence may also limit the number of T-cell epitopes. Since the epitope recognition 
are genetically determined therefore only a limited number of individual in the population 
will responsed to a particular T-cell epitope (Benacerraf and Germain, 1978). This may lead 
to the lower antigenicity. Furthermore, it has been reported that parasite may enhance their 
survival in the host species by limiting the number of T-cell epitopes contained within their 
surface expressed molecules (Sher, 1988; Good et al., 1987). However McNair (1990) reported 
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that inoculation of the synthetic peptide corresponding to the repeat moiety for tegumental 
gene products of F. hepatica showed no immune response in mice. The occurrence of few 
antigenic polypeptides in SPM may be due to the presence of the protective layer of glycocalyx 
which is well developed in helminth parasites and may avoid the recognition by the immu-
nocompetent cells. Glauert et al., (1985) ultrastructurally detected a layer of dense flocculent 
materials on the surface of juvenile F. hepatica when incubated under in vitro with specific 
bovine antiserum. The bovine eosinophils attach closely to those regions of the parasite that 
are free of flocculent precipitates. The close attachment is followed by degranulation of the 
eosinophils into the narrow zone between cells and parasite and lead to the damage of tegu-
ment. It was concluded that the inability of bovine eosinophils to kill F. hepatica in the 
presence of a specific antisenun may be due to the presence of a protective layer on the 
parasite surface. However, at this stage it is difficult to conclusively assign any reason, since 
factors determining the immune response to the tegumental antigens of taeniid cestode have 
not been studied, therefore further studies are required. 
Among the four potential antigens of nuclear fraction (Mr 95, 82, 38 and 34 kDa), 
majority of them showed IgM dominant epitopes. Among these potential antigens, 95, 82, 
and 38 kDa antigens showed glycoproteinaceous nature. These antigens may be either some 
enzymes or carrier proteins involved in transportation of biomolecules across the nuclear 
membranes. However, at this stage no conclusion can be drawn on functional aspect of these 
molecules. Therei'ore, fiirther studies using more defined methods of localization and char-
acterization be applied to ascertain their origin and possible function. 
In mitochondiral fractions potential antigens have been identified in almost every stage 
of development. Two antigenic polypeptides with Mr 30 and 31 kDa were found conserved, 
and showed predominantly IgM epitopes. In addition to this, three antigenic polypeptides (38, 
50 & 80 kDa) and one antigenic polypeptide with 34 kDa were detected in the early to middle 
and middle stages of the worm respectively. Further two antigenic polypeptides (Mr 41 & 
144 kDa) were detected in the mature stage of the parasite. Among these antigenic polypep-
tides with 41, 50, 80, & 138 kDa are positively recognized by Con-A, indicating their 
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glycoproteinatious nature. These antigenic polypeptides may be the product of mitochondrial 
gene which are expressed differentially at different stages of development. Further, two 
predominant mitochondrial proteins, (cytochrome-C and succinic dehydrogenase) are reported 
to be antigenic in heterogenous host (Jonsson and Pleus, 1966; Reichlin et al., 1966; Margoliash 
et al., 1967a; Margoliash et al., 1967b; Mcvgoliash et al., 1970.) It has been suggested by 
Barrett (1981) that during the development of the parasite, major and frequent changes occurred 
in the mitochondrial function and the role of cytochrome system, TCA cycle and P-oxidation 
sequence changes during the free living and parasitic phases of the life cycle, leading to the 
development of various isozymes. Similarly in this parasite, change of host from buffalo to 
dog, accompanied metabolic changes which presumably leads to antigenic and glycopeptides 
turnover during the development. 
Among different potential antigens (Mr < 29, 35-35.5, 38, 63, 52, 66, 75, & 138 kDa) 
of microsomal fraction, antigens having Mr 35-35.5, 38 & 66 kDa are positively recognized 
by Con-A. Similarly, in cytosolic fraction 6 totally and partially conserved potential antigens 
were detected, unlike microsomal fraction all the potential antigen except 31-31.5 kDa, showed 
Con-A affinity. Presence of specifically higher molecular weight glycoprotein in the cytosolic 
fractions can be correlated with the proteins of microtubular system. A number of higher 
molecular weight proteins of tubular sytem like Desmin, Actin, tublin have been identified, 
moreover variation in these proteins during the development have also been suggested (Quax 
and Bloemendal, 1986; Farmer, 1986; Cleveland, 1986). 
Although glycopeptides of different sub-cellular fractions were inconsistently detected 
in different developmental stages, however a few glycopeptides showed strong correlation either 
with the early stage or late stage of the development of parasite. Glycopeptides having Mr 34, 
38, 50, 53, 80, and 85 kDa were exclusively detected in the immature worms while glcyopeptides 
with 37, 42, 59, 66, 80, 120, 132, and 138 kDa were mainly detected in the mature stages 
of the parasite. Presence of characteristic glycopeptides in the early stages and subsequent 
disappearence during the development may be due to the change in host which acompanied 
changes in various metabolic processes. The glycopeptides which exclusively appear in the 
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later stage of the worm can be correlated with the reproductive organs and secretions of 
reproductive glands. Barrett (1981) reported that mucopolysaccharides frequently occur in 
association with the egg membranes, uterus and in Mehlis glands. 
The foregoing discussion and the analysis of results of stage specific gene products 
and their antigenicity of E. granulosus lead us to highlight the occurrence of some polypep-
tides which have been localized in the microsomal, cytosolic and in surface plasma membrane 
(Table 29). Some of these polypeptides are antigenic, but their continuous occurrence in these 
fractions lead us to conclude that they are probably synthesised in the cyton and transported 
to the surface. Such synthetic and secretory activities have been reported in trematode and 
their antigenicity has been established by immunoaffmity and IFA ( Hanna, 1980a; Hanna 
and Hillyer, 1984; Hanna and Trudgett, 1983). However in E. granulosus such report is not 
available, which certainly requires future studies in this direction. 
It is evident from the results that number of IgG specific antigens are comparatively 
higher than the IgM specific antigens. The IgM response was mainly detected in the initial phase 
of infection, while IgG response was found predominant in later phase of infection although 
both types of immunoglobulin responses were detected throughout the development of para-
site. Moreover the shift from IgM to IgG was also observed during different phases of de-
velopment (Fig. 22-27). Heterogeneity in the recognition of antigenic polypeptides by IgG 
and IgM is due to their functional and structural specificities. The IgG is monomeric form 
and distributed evenly between extra and intracellular pools and mainly involve in secondary 
immune response and exhibit antitoxin functions. Contrary to this, IgM is a pentameric and 
largly confined to the intravascular fluid and responsible for early/primary immune response. 
It is frequently directed against antigenically complex infectious organisms and predominantly 
involved in agglutination. Previously haemagglutination involving IgM , has been the choice 
of serological diagnosis of hydatidosis and it has been reported that it has more specificity 
and sensitivity than the commonly used complement fixation test (Kagan, 1968). Candolfi et 
al., (1985) reported different immunoglubulin isotypes for cystic echinococcosis. Among 
various class of immunoglubulins, specific anti hydatid IgG, IgM, IgA and IgE antibodies were 
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Table-29 Possible secretory polypeptides with their apparent molecular weights and their 
localization in some sub-cellular compartments 
Polypeptides (Mr in kDa) 
45 
31 
31.5 
37 
41-41.5 
43 
46 
52 
110 
Microsomal 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Cytosolic 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
SPM fraction 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ Showed the presence of antigenic polypeptides 
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observed in hydatid patient sera. Muller-Kehrmann (1988) also found higher IgG level than 
IgM in L. carina infection in rat, and transient depression in total antibody production was 
observed at different phases of development. 
Besides the antigenic polypeptides, some non antigenic polypeptides were also ob-
served in different stages of development, which are not recognized by either IgG or IgM. 
These non antigenic polypeptides have also been localized in sub cellular fractions, SPM and 
ICM revealed one (Mr 35.5) and nine (Mr 37, 38, 39.5, 42, 58, 60, 63, 75, &. 110 kDa) non 
antigenic polypeptides respectively. Similarly five and seven non antigenic polypeptides (Mr 
37, 43, 44, 50, 120 kDa and Mr 33, 33.5, 37, 38.5 41-42, 65 & 120 kDa) were detected in 
the nuclear and mitochondrial fractions respectively. Moreover microsomal and cytosolic fraction 
respectively showed eleven and six non antigenic polypeptides in the range of 30-180 kDa. 
Interestingly non antigenic polypeptides having Mr 37, 42-43, 65 and 120 kDa were 
present in most of the sub celllular fractions. These non antigenic polypeptides seems to be 
primarily involved in morphogenesis and organogenesis. The evenly distribution and occur-
rence of these polypeptides suggest that these polypeptides are highly conserved and develop 
during the course of evolution. However a number of proteins of host origin are known to 
express by the parasites, as E. granulosus protoscoleces have been found to express a protein 
with a high degree of amino acid homology with human protein cyclophilin (Lightowlers, 
et al., 1989). In man, the binding of undecapeptide of fungal origin (cyclosporin-A) to 
cyclophilin has profound suppression effects on T-cell function (Hess et al., 1988). The degree 
of sequence conservation in this protein between cestode parasite and man suggests that the 
molecules play an important biological role. Similarly Bouchara et al., (1985) reported an 
antigenic fraction from the membrane of bovine hydatid cysts and sheep hydatid fluid, which 
cross react with human albumin. This antigenic fraction was reported to be of parasitic origin 
and was seen as case of mimicry, capable of reducing the antigenicity and promoting the 
avoidance of host immune response by the parasite. 
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SUMMARY 
SUMMARY 
Echinococcus granulosus is the most important zoonotic parasite of global distribution 
having different strains, which differ in their developmental biology, pathology, biochemistry, 
antigenicity etc. These strains are differ in their intermediate host and geographical regions and 
this affect the epidemiology and control programme. In India the life cycle of this parasite mainly 
operates between dogs and buffaloes. The adult parasite infects the small intestine of dogs while 
larvae infect a wide spectrum of animals and man. The review of literature reveals that various 
aspects of larval stage like biochemistry, immunobiology and pathology have been investigated 
but the adult parasite has remained some what neglected, although it is the main source of 
infection in man and domestic animals. 
In the present study an attempt has been made to identify the stage specific gene products 
particularly corresponding to organogenesis and maturation and to determine their antigenicity. 
Further antigenic polypeptides have been localized in sub-cellular compartment of various devel-
opmental stages in order to see the origin and distribution of polypeptides. Among the various 
sub cellular compartments special emphasis has been focussed on surface plasma membranes in 
order to unravel various aspects of antigen turnover and immunogenic interactions that occur at 
the host-parasite interface. Further the changes in membrane boimd enzymes with respect to 
development of the parasite as well as with the transformation from one host to another were also 
investigated. Finally surface glycoproteins of various developmental stages were purified by 
Con-A affinity chromatography and partially characteri2:ed. The salient findings of this study are 
summarized below: 
The gene products of the different developmental stages of E. granulosus were investi-
gated by SDS-PAGGE and vizualized by CBB and silver staining. In order to ascertain the 
reproducibility of results, Rf values of standard marker proteins of three different gels were 
calculated and plotted on semi log paper against their respective molecular weights. Analysis of 
three statistical parameters viz. intercept, slope of best fit line and coefficient of corrleation 
revealed insignificant differences, indicating the accuracy and reproducibility of the SDS-PAGGE 
protocol. Coomassie and silver stained electropherogram of total worm homogenate revealed a 
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large number of polypeptides and marked qualitative and quantitative differences were observed 
among different developmental stages. The silver staining resolved comparatively more polypep-
tides in the molecular weight range of <29 to > 205 kDa although the loading concentration of 
protein samples remained the same. This may be due to the specificity and sensitivity of the 
technique. 
Analysis of polypeptide profile revealed that a large number of polypeptides are con-
served in different developmental stages, however polypeptides specific to a particular stage/ 
stages were also detected. Due to large number and complexity in polypeptide profile, they were 
grouped into three categories. The first group includes "conserved proteins" which contains 
polypeptides having Mr 153, 125, 109, 96, 90, 72, 67, 46, 40, 29 and several polypeptides < 29 
kDa. 
The second category consists of "& age specific" polypeptides having Mr 85 and 80 kDa 
which were intially detected in the protoscoleces, while 101 kDa polypeptide was found com-
mon in both protoscoleces and 8 days old worm. These polypeptides may be of buffalo origin, 
as protoscoleces remain in the fluid of the hydatid cysts, and may contain some host proteins, 
which subsequently loss during the development in the definitive host. Polypeptides with Mr 
135, 112, 60 and 50 kDa were specifically detected in the 8 days stage, which may be some 
regulatory proteins or isozymes which are required for this particular stage of development. 
Further polypeptides having Mr 144, 130, 105, 69 and 45 kDa were persistently detected from 
16 days to adult stages, these polypeptides are presumably related to the reproductive organs, 
since appearance of these polypeptides coincide with the development of reproductive organs. 
Besides this, polypeptides with Mr 108, 104, 34.5, 33, and 30.5 kDa were found characterstic 
to the mature stage. These polypeptides may be either related to the hexacanths/secretion of 
reproductive glands or may be of dog origin since adsorption of host proteins by the surface of 
the parasite have been reported. Stage specific polypeptides detected in the various developmen-
tal stages may be used in future studies leading to the blocking of parasite development by 
chemotherapeutic means. 
The third group comprised of "variable polypeptides", such polypeptides showed incon-
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sistent presence during the development. Polypeptides with molecular weight of 115, 107, 103, 
102, 85, 82, 80, 78, 74, 64, 57, 49, 43, 42, 41, 37 and 32 kDa were identified as major variable 
polypeptides. These three groups of polypeptides substantiate the hypothetical model proposed 
by Rogers and Petronijevic (1982) for the control of the development of the parasites. It is 
suggested that the development is controlled by a set of genes which are stage specific and their 
control mechanism may involve intrinsic and extrinsic factors. However, further studies are 
required to ascertain their functions and biochemical nature. Further, the importance of these 
polypeptides in chemotherapeutic modulation to block reproduction and development seems to 
be promising. 
The polypeptides of different developmental stages were further analysed for their anti-
genicity by immunoblotting technique. The primary immune sera, isolated from experimentally 
infected dog puppies at various time intervals were used for the detection of antigenic polypep-
tides. Authenticity of the immunoblott results were checked by comparing the results of different 
post infection sera with that of control (pre infected) and absorbed sera. Among different 
developmental stages, maximum antigens were detected in the protoscoleces followed by 16 
days old worm, this may be due to the secretory products released by the protoscoleces during 
the process of attachment with gut tissues, while appearance of rudiment for various organs and 
reconfiguration of microtriches in 16 days stage are presumably responsible for increased antige-
nicity. Among various immune sera, 24 days PI sera detected maximum antigens in all the 
developmental stages. Analysis of the results with respect to the developmental biology of the 
parasite, revealed that stage specific polypeptides synthesised at a particular stage can only be 
detected with post infection sera collected after 4-8 days of development. A large number of 
antigenic polypeptides were detected with different PI sera in various developmental stages but 
majority of them showed turnover. However four antigenic polypeptides (Mr 136, 70-75, 60-62 
and 45 kDa) were detected in most of the developmental stages and recognized by most of the 
PI sera and seems to be of pragmatic importance. It has been observed that antigenicity of the 
parasite decreases v^th the age (24 days old worms show minimum antigenic polypeptides) 
followed by slight increase in subsequent stages of development, indicating antigenic turnover 
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during the development. Contrary to this 24 days PI sera recognize the maximum nxmiber of 
antigens. 
It is concluded after computing and analysing the data that the most promising polypep-
tides are 60-62 and 45 kDa, present in all the developmental stages and recognized by the sera 
collected from 16 to 40 days post infections. Whereas 136 and 70-75 kDa plypeptides could be 
used for early diagnosis of infection and the former (60-62 and 45 kDa) could be used for latter 
phase of diagnosis of infection. This findings will form the basis of the future studies in this area. 
Although large number of polypeptides are resolved by the silver staining, but considering 
the variety of organs, these polypeptides are only a few. Therefore the sub-cellular compartments 
of the parasite were fractionated and purified, in order to resolve minor gene products which 
are present in lower concentration in the total homogenate and could not be detected. Emphasis 
was given to the surface plasma membranes which form the interface of delicate host-parasite 
relationship and involved in defence mechanism. 
The contamination and enrichment of SPM and other sub-cellular fractions were also 
monitored by specific marker enzymes. Acid and Alkaline phosphatase, ATPase, 5'NTDase, 
y-GTPase, SDH, LDH and DNA levels were assayed in cell compartments of different devel-
opmental stages (0, 16, 24, and adult). Alkaline phosphatase was found to be the primary 
marker enzyme for SPM and revealed a minimum of 10 fold enrichment compared to the total 
homogenate of the protoscoleces. Similarly ATPase was found as primary marker enzymes for 
ICM which revealed a maximum of 65 fold enrichment compared to total homogenate of the 
protoscoleces. Besides this, 9 and 30 fold enrichment in succinic dehydrogenase and DNA were 
observed for the mitochondrial and nuclear fractions of protoscoleces respectively. It is con-
cluded that the primary marker enzyme of SPM is alkaline phosphatase and Triton X-100 at 
specified concentration is a safe detergent. The acid phosphatase showed inconspicuous changes 
during development while other enzymes (ATPase, NTDase and y-GTPase) showed initial 
increase and thereafter decrease in the later phase of development. The maximum enzyme 
activities were observed in 16 days old worm which is presumably due to the increased needs 
of various precursor required for protein synthesis to complete organogenesis. The internal 
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cell membrane (ICM) isolated from the homogenate by differential centrifugation, showed 
maximxmi ATPase activity and hence it is considered as primary marker enzyme. The other 
membrane bound enzymes (Alkaline phosphatase, 5'NTDase and y-GTPase) showed gradual 
and significant increase in the level during the transformation of larval to adult stage. DNA 
quantitation is used as marker for nuclear fraction, whereas SDH was found to be mitochon-
drial marker and its level increases with the progress of development. During the growth and 
maturation of the parasite marked quantitative differences were observed in the level of 
various enzymes particularly in the surface plasma membranes. This may be due to the change 
of the habitat, which requires biochemical adjustments and adaptations. However primary 
marker of the respective sub cellular compartments remain the same with apparent quantitave 
differences in level of activity. The probable fiinctions of these enzymes and differences in 
their level during development were discussed in the light of metabolic shift, mitochondrial 
biogenesis, transmembranosis, and biochemical requirements to maintain increased fecundity. 
The polypeptides of different sub cellular fractions of various developmental stages 
revealed marked differences in the coomassie and silver st^ined electropherograms. This is due 
to differential specificity and sensitivity of the two techniques and hence qualitative and 
quantitave differences were observed, however polypeptide specific to a particular compart-
ment were also detected. Extensive polypeptide turnover was observed during the develop-
ment in all the subcellular fractions. SPM showed maximum polypeptide turnover while 
nuclear fraction revealed least turnover. In SPM, polypeptides having Mr 48, 65 and 100 kDa 
showed significant increase in their concentration during the development. Further, nuclear 
fraction of 24 days old worm is characterized by a very prom-nent polypeptide having Mr > 
205 kDa. Similarly, mitochondrial fraction of adult worm showed a very prominent 58 kDa 
polypeptide, which constitutes approximately 15 % of total proteins. In addition to this, a total 
of 5, 14, 19, 14, 13, and 9 conserved polypeptides were detected in SPM, ICM, nuclear, 
mitochondrial, microsomal and cytosolic fractions respectively. Besides these completely 
conserved polypeptides, each sub cellular fraction showed variable number of polypeptides 
which were partially conserved among different stages of development. Considering the com-
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plexity of partially conserved polypeptide it was further divided into following sub catego-
ries. Polypeptides which are present only in 0 and 16 days old worms are referred as early 
stage polypeptides. The polypeptides present in 0, 16 and 24 days old worms are hereafter 
called as early to middle stage polypeptides. Further polypeptides exclusively detected in 16 
and 24 days and those detected in 16, 24 and 40 days stages are referred as middle stage and 
middle to mature stage polypeptides respectively. Besides this, polypeptides exclusively de-
tected in 24 and 40 days old worms are called as mature stage polypeptides. The surface 
plasma membrane being the outer most covering, showed maximum polypeptide turnover. 
Contrary to this, ICM and nuclear fraction revealed comparatively lesser degree of polypep-
tide turnover. In mitochondrial fractions polypeptides turnover mainly restricted to early and 
mature stage of development may be associated to the mitochondrial biogenesis. The turnover 
in mitochondrial fraction of mature stage can be correlated with the appearance of isozymes 
in order to adjust the physiological conditions of the microhabitat. The microsomal fraction 
showed polypeptide turnover due to the enhanced protein synthesis machinery in order to 
fulfil the requirements of increased fecundity. The differences in the cytoplasmic fraction may 
be due to presence of transitory and stage specific proteins. 
It is concluded from the polypeptide turnover of subcellular compartments during the 
course of development that this molecular heterogeneity is due to physiological and biological 
demands. The critical evaluation of the dynamic nature of polypeptide profile further suggests that 
morphogenesis and organogenesis required some specific or characteristic polypeptides. The 
variable polypeptides may be a consequence of the occurence of isoenzymes assembly at 
particular phase of the parasite, in order to manage the metabolic activities and to fulfil the 
increased demand of the energy. The high degree of the variability and turnover may be due to 
the presence of transitory polypeptides and post translational modification or may be influenced 
by the habitat contributory factors. This leads us to suggest that future studies should be carried 
out on the mechanism of host protein sharing and/ or post translational modifications. 
It is evident fi-om the foregoing study that during development hundreds of gene products 
are produced, some of them are found conserved throughout the development while most of 
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them remain in the dynamic state and detected in various sub-cellular compartments. There-
fore it was thought to determine the antigenicity of the polypeptides of various sub-cellular 
compartment during the course of development. It is expected that the results will throw light 
on the immunobiology as well as provide information about antigen polymorphism and shar-
ing which are the important aspects of immune evasion in cestode immunity. The antigenicity 
of the polypeptides was analysed by immunoblotting using different PI sera collected at 
different interval from the natural host, as primary antibodies, while conjugated IgG and IgM 
were used as secondary antibodies. It is evident that a large number of antigenic polypeptides 
resolved showing a high degree of variability in various fractions as well as in a particular 
fraction during the development. The antigenic polypeptides localized in sub-cellular fractions 
have comparatively more affinity with IgG than IgM. 
The total number of IgG specific antigens detected in the various sub-cellular compart-
ments of protoscoleces showed 3.6 fold increase compared to total worm homogenate. Similarly 
3.2, 4.9 and 5.3 fold increase were observed for 16, 24 and 40 days old worm respectively. This 
increase in number of antigens may be due to the concentration and purity of polypeptides. 
Among the various sub-cellular compartments, maximum IgG specific antigens were detected in 
the mitochondrial fraction followed by cytosolic fractions. This can be attributed to the proteins 
synthesised by extra nuclear DNA and also due to the appearance of isozymes which are re-
quired to manage the metabolic requirements during development. The surface plasma mem-
branes showed gradual increase in antigenicity during the differentiation and maturation phase 
(larval to 24 days stage) of development and thereafter insignificant change was observed. 
Moreover among the various post infection sera, maximum immune response was detected with 
24 days PI sera. This may be due to the various possible reasons. Firstly by 24 day of devel-
opment most of the organs developed and so their corresponding polypeptides are synthesized, 
secondly by 24 day both weak and strong antigens were able to sensitize the immunocompetent 
cells and finally by this period the infective stage determines its fate for establishment or rejection 
by regulating its metabolic processes. It was observed that some polypeptides are strong antigens 
and elicit early immune response, other may be weak antigens produced delayed immune re-
215 
sponse. This indicates that the phenomenon of "competetion of antigens" may also occured, 
because it has been suggested that when a mixture of weak and strong antigens were innoculated, 
the animal fails to responsed to weaker antigens. However repeated sensitization with weaker 
antigens evoke sufficient immne response. It is expected that by the day 24, the host has devel-
oped sufficient antibody titer against such antigens leading to moimt the immune pressure on the 
parasite. Consequently parasite releases the immune pressure either by capping of immune 
complexes or by turnover of antigens. However parasite components which are synthesized at 
or after 24 days stage again stimulate the antibody production, subsequently slight increse in 
number of antigens was detected for the adult stage of the parasite. 
The IgM specific antigenic polypeptide profile showed a imique pattern. Larval stage of 
the worm showed maximum antigenicity which drastically decrease in the 16 days stage, there-
after slight increase in antigenicity was observed in 24 days old worms. The number of antigenic 
polypeptides again decreases in the adult worm. Such cyclic changes in antigenicity clearly 
indicate the possibility of the post translational changes in some antigenic polypeptides leading 
to antigen polymorphism during development. Among the various fractions maximum antigenic 
polypeptides were detected in nuclear, microsomal, and cytosolic fi"actions of protoscoleces, 24 
and 40 days old worms respectively. The surface plasma membrane showed periodicity in its 
antigenic behaviour, maximum antigens were recognized in SPM of protoscoleces which dras-
tically decreases in 16 days old worm. Thereafter increase in number of antigenic polypeptides 
was detected in 24 days worm followed by again a decrease in the adult worm. 
It has been observed that IgM is mainly involved in early immime response, while IgG 
played a dominant role in the later phase of infection. However some antigenic polypeptides 
were commonly detected by IgG and IgM. It is evident from the present study that a particular 
fraction showed extensive antigenic polymorphism during the development. Detection of a par-
ticular antigenic polypeptide of a specific fraction showed variation with respect to the phase of 
parasite development and with the PI sera used. Therefore, majority of antigenic polypeptides 
showed partial immune response, reacting either with IgG or IgM or both depending on the PI 
sera used. It is evident from the analysis of results of immunoblots that hundreds of antigenic 
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polypeptides were detected showing high degree of variability depending upon the phase of 
development, type of sub-cellular compartment, PI sera and affinity with class of immuno-
globulins (IgG/IgM). So for convinience, special emphasis has been focused to those polypep-
tides which are either totally or partialy conserved during the development and recognized by 
the most of the PI sera and being considered to be of pragmatic importance. 
The surface plasma membrane revealed three pragmatic antigens, two of them (Mr 31, 
37-38 kDa) were completely conserved while 112 kDa antigen was detected in the mature stage. 
The ICM fraction revealed seven antigenic polypeptides, three antigens (Mr <29, 85, 138 kDa) 
were found completely conserved whereas one antigen with Mr 53 kDa was detected in middle 
stage. Antigenic polypeptides having Mr <29, 65, 75 kDa were resolved in ICM fractions of 
mature stage of the worm. The number of potential antigen decreased in the nuclear fractions and 
a total of four antigenic polypeptides were identified. Two of them (Mr 82, 95 kDa) were found 
completely conserved, while antigenic polypeptides having Mr 34, 38 kDa were detected in 
early to middle stage of development. Mitochondrial fraction revealed eight pragmatic antigens, 
two of them having Mr 30, 31 kDa were completely conserved, while antigens with Mr 38, 50, 
80 and 34 kDa were identified in the early to middle stage and middle stage of the worm 
respectively. Besides this, 41, 138 kDa mitochondrial antigens were detected in the mature stage 
of the worm. Further microsomal fi-action revealed eight pragmatic antigens, two antigenic polypep-
tides with Mr < 29, 35-35.5 kDa were completely conserved, while antigens with Mr 38, 63 kDa 
and 52, 66, 75 and 138 kDa were detected in the early stage and mature stage of development 
respectively. In cytosolic fi'action, two antigenic polypeptides of Mr 43-45, 49 kDa were found 
completely conserved, while antigenic polypeptides having Mr 31-31.5, 85 kDa were detected 
in the early stage Similarly antigenic polypeptides with Mr 53 and 75 kDa were detected in the 
early to middle stage and mature stage of worm respectively. 
Among the pragmatic antigens, 37-38 kDa antigen of SPM, 53, 75,138 kDa antigens of 
ICM, 34, 41, 138 kDa antigens of mitochondrial fraction and 52 kDa antigen of microsomal 
fraction showed IgG dominant epitopes. Whereas 34, 95 kDa antigens of nuclear fraction, 30, 
31 kDa antigens of mitochondrial firactions, 138 kDa antigen of microsomal fi-action and 43-45, 
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75 kDa antigens of cytosolic fraction predominantly have IgM epitopes. These differences in 
recognition of IgG and IgM epitopes may be due to post translational modifications, as it has 
been reported that glucosydic epitopes mainly evoke IgM immune response. 
Besides the antigenic polypeptides, there are some polypeptides which are not detected 
by any PI sera. One non antigenic polypeptides having Mr 35 kDa and nine non antigenic 
polypeptides with Mr 37-37.5, 58, 110, 38.5, 42, 63, 74-75, 38, 60 kDa were detected in the 
SPM and ICM fractions respectively. Similarly polypeptides with Mr 37-37.5, 44, 49, 43, 108 
kDa in nuclear fraction and 33, 37, 32.5, 38.5, 65-66, 41, 42, 110 kDa in mitochondrial fraction 
were found non antigenic. Further, microsomal polypeptides having Mr 32, 37, 30-30.5, 68, 33-
33.5, 42-42.5, 69-70, 52, 53, 54, 120 kDa and cytosolic polypeptides with Mr 37, 65-66, 120, 
44,52, 165 kDa were identified as non antigenic proteins. These non antigenic polypeptides may 
be involved in other physiological function or have some evolutionary significance. However, 
this requires further studies to ascertain this hypothesis or to determine the functional aspects of 
such polypeptides. 
Lastly the pragmatic antigens identified in different sub-cellular fractions, of different 
developmental stages were further analysed for lectin binding glycoprotein. It is evident from the 
results that glycoproteins are unevenly distributed in various fractions, the maximum glycopep-
tides being detected in mitochondrial followed b)' microsomal and cytosolic fractions. The SPM 
surprisingly have minimum number of glycopeptides. The glycopeptides were mainly detected 
in Mr range of 40-100 kDa and the maximum number of glycopeptides were observed in 16 days 
old worm followed by larval and 24 days old worms. Among the various potential antigens of 
different firactions. the glycoproteinaceous nature were observed for Mr < 29, 53, 75 kDa anti-
gens of ICM, 38, 82, 95 kDa antigens of nuclear fractions and 34, 41, 50, 80, 138 kDa antigens 
of mitochondrial fraction. Similarly potential antigens having Mr 35, 35-35.5 38, 66 kDa in 
microsomal fraction and Mr 43-45, 49, 53, 75, 85 kDa antigens of cytosolic fractions have 
glycoproteinaceous nature. The occurence of glycopeptides were also analysed with respect to 
the development and extensive turnover was observed. However some remain conserved either 
early or late phases throughout development. Particularly glycopeptides (Mr 120, 80, 59, 42 and 
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37 kDa) seem to be exclusively involved in the development of reproductive organs. It can be 
concluded that both antigenic and development associated glycopeptides show a high degree 
of turnover during development of the parasite. 
Con A positive polypeptides have been detected in the SPM of different developmental 
stages but surprisingly its potential antigen does not showed Con A affinity. This may either be 
due to specificity of Con-A towards a-D mannose and a- D-glucose or due to low concentration 
of glycoproteins. To overcome this problem of lower concentration, surface membrane were 
further purified by Con-A affinity chromatography. 
The elution profile of glycoproteins by Con -A affinity chromatography revealed two 
peaks. The major peak comprises Con - A negative proteins while the second peak contains Con 
- A positive glycoproteins. The Con -A positive fraction was fiirther analysed by gradient SDS-
PAGGE followed by silver staining. The electropherograme of purified glycoproteins revealed 
conserved as well as variable surface glycoporteins. Analysis of results revealed a total of 14 and 
15 glycopepetides in larval and 16 days old worm respectively. Similarly 11 glycopeptidies were 
resolved in the 24 days immature worm whereas 13 glycopeptides were detected in 40 days old 
worm. Although the loading concentration of glycoprotein samples of different developmental 
stages were kept constant, but qualitative and quantitative differences in glycoproteins were 
observed. The surface glycoproteins are largely conserved among the different developmental 
stages, however some stage specific glycopeptides were also detected. Such variations are due 
to the specificities of the glycoprotein for different stages of development. A prominent gl>co-
peptide with molecular weight of 29 kDa was exclusively present in the protoscoleces. Similarly 
glycopeptides having molecular weights of 92, 75 & 24 kDa were foimd unique to 16 days old 
worm. Further a glycopeptide with molecular weight of 25 kDa and two glycopeptides having 
molecular weights of 24 & 30 kDa were found characteristic for 24 and 40 days old worm 
respectively. Further ten conserved glycopeptides having molecular weights of 14, 14.5, 15, 16, 
42, 45, 47, 60 70 & 180 kDa were detected which were present in all the developmental 
siages.Moreover 16 kDa conserved glycopeptide was uniformly present in all the developmental 
stages. Antigenic analysis revealed three conserved glycoprotein antigens (Mr 16, 60, 70 kDa). 
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Among these, antigenic polypeptides with Mr 16 kDa was consistently detected by PI sera 
collected from 16 to 40 days post infection and seem to be of pragmatic importance either in 
diagnostic or in protection. 
The analysis of the gene products of E. granulosus during the course of development 
leads us to conclude that the protein profile of the worm remains in dynamic state and a contrinuous 
process of synthesis occurs. This supports the hypothesis proposed by Rogers and Petronijevic 
that the development is regulated by a set of genes. As many new polypeptides are synthesed 
at a particular stage of development, which may or may not be antigenic in nature. The synthesis 
of new polypeptides corresponding to a particular phase of morphogensis may be functionally 
involved in the development or may be some isozymes required for metabolic adjustment to fulfil 
the energy requirements particularly during the transformation from one habitat to another (cystic 
to intestinal). Moreover during the development, marked biochemical and enzymatic turnover 
was also observed in the sub-cellular compartments. Besides this many polypeptides are con-
served throughout the development indicating phylogenetic and evolutionary significance. 
Analysis of the data on characterization of the antigens reveals that antigenic polypep-
tides show a degree of turnover and specificity with respect to the phase of development, and 
the nature of sub-cellular compartment. The maximum polypeptide turnover was noticed in the 
adult worm compare to other developmental stages, indicating that host/habitat contributing factor 
played a dominant role. 
The increased variability indicates that the mechanism of evasion of immunity played a 
dominant role during the course of development which is a consequence of any of the mecha-
nisms like antigenic shift, masking of surface antigens, molecular minicry, antigenic competition, 
sequestration, post-translational modification and glycosylation of the polypeptides. This certainly 
requires future studies to work out the exact mechanism involved in the evasion. The maximum 
antigenic turnover is associated v/ith the surface plasma membranes, which resulted variation in 
recognition of the specific antibodies. The identification and detection of the antigenic polypep-
tides is greatly influenced by the purification and concentration factor. The maximum glycopep-
tides were recognized after affinity chromatography. It is expected that these glycopeptides are 
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synthesized in the sub-tegumental cells and transported through the micrbtiibiiiar §y$tem.arid 
deposited on the surface as component of SPM as reportdd in some tremAtodes. 
It was observed that the immune response was detected as ealrly as in'the'firStvweekidf 
infection under specified experimental conditions. Further, it was noticed After conjparingtthe 
results of electropherogram and immunoblot that a newly syrithesized. p6jyp^ptide Showed > im-
mune response after 4-8 days suggesting that this^  period is required for sensitization oTimmuHO-
competent cells. Moreover IgM is primarly involved in the early, phase of infection v^ilellg'G 
played a dominant role in-the. late phase of irtfedion. 
It would not out of place to mention that'this Study was carried out in a moderatly.equjpdl 
laboratory and therefore further studies are defiriitly required particularly on the aiitigen v^hich 
are of pragmatic importance (Mr 16, 30, 31, 34, 35-35.5, 37-38, 41, 43-45, 50, 53,f63,'66, 75, 
80, 82, 85, 95, 112 & 138 kDa) for their possible role in immuno'diagnosis and 
immimoprotection studies. It is also suggested that these antigenic, polypeptides should be'clone 
in suitable vector and their cross reactivity with sera from other helminths infection m^y^also'be 
analyzed. 
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APPENDIX -1 
Fig. 1 - Laser scan of coomassie stained gel of different developmental stages. A, B, C, D, E, 
F represent protoscoleces, 8,16, 24, 32 and 40 days developmental stage of the 
worm. Scale each division = 0.65 cm. 
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Fig. 2 - Laser scan of silver stained gel of different developmental stages. A, B, C, D, E, F 
represent protoscoleces, 8,16, 24, 32 and 40 days developmental stage of the 
worm. Scale each division = 0.65 cm. 
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Fig. 3 - Laser scan of coomassie stained gel of different sub-cellular fraction. A, B, C, D, E, F, 
G represent total worm homogenate, SPM, ICM, N, Mt, Mc, and Cyt fractions of 
protoscoleces. Scale each division = 0.65 cm. 
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Fig. 4 - Laser scan of silver stained gel of different sub-cellular fraction. A, B, C, D, E, F, G 
represent total worm homogenate, SPM, ICM, N, Mtj Mc, and Cyt fractions of 
protoscoleces. Scale each division = 0.65 cm. 
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Fig. 5 - Laser scan of coomassie stained gel of different sub-cellular fraction. A, B, C, D, E, F, 
G represent total worm homogenate, SPM, ICM, N, Mt, Mc, and Cyt fractions of 
16 days old worm. Scale each division = 0.65 cm. 
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Fig. 6 - Laser scan of silver stained gel of different sub-cellular fraction. A, B, C, D, E, F, G 
represent total worm homogenate, SPM, ICM, N, Mt, Mc, and Cyt fractions of 
16 days old worm. Scale each division = 0.65 cm. 
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Fig. 7 - Laser scan of coomassie stained gel of different sub-cellular fraction. A, B, C, D, E, F, 
G represent total worm homogenate, SPM, ICM, N, Mt, Mc, and Cyt fractions of 
24 days old worm. Scale each division = 0.65 cm. 
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Fig. 8 - Laser scan of silver stained gel of different sub-cellular fraction. A, B, C, D, E, F, G 
represent total worm homogenate, SPM, ICM, N, Mt, Mc, and Cyt fractions of 
24 days old worm. Scale each division = 0.65 cm. 
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Fig. 9 - Laser scan of coomassie stained gel of different sub-cellular fraction. A, B, C, D, E, F, 
G represent total worm homogenate, SPM, ICM, N, Mt, Mc, and Cyt fractions of 
40 days old worm. Scale each division = 0.65 cm. 
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Fig. 10 - Laser scan of silver stained gel of different sub-cellular fraction. A, B, C, D, E, F, G 
represent total worm homogenate, SPM, ICM, N, Mt, Mc, and Cyt fractions of 
40 days old worm. Scale each division = 0.65 cm. 
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